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DESIGN SPECIFICATION _ 


This preliminary release of the M-processor-3 (MP-3) Engineering Design. Speéi- 
fication (EDS) is an editorial update of the 16 January version (Rev B)y -Also 
included in this release are the contents of the two inter-office memorandums: 


1. Changes to M-Processor-3 EDS 3 February 1976, C.E. Wymore 
2. Change to AE Oc ese One EDS: IL 4 February 1976, C.E. Wymore 


There were still other technical details which were unresolved as of the 
January Transfer of Information and those which have been resolved as of 
26 March are also included in this release. Some of those igsues are? 


a. TIME-half microsecond time counter up to 24 bits. (approximately 
8 seconds); 


b. PERM and PERP register relationship with respect to Halt, CD(3), 
Console display, and clearing; 


c. MSSW - can be dynamically changed; 

d. .Operation of A and M -— register during TAPE mode; 

e. Skip on FA and BR comparison; 

f. Diagnostic Read/Write Memory micro (11D) - echo variants 

g.- CA-RC spreader - 8 clocks for RC-RC, 4 clocks for RC-CA; 

h. Error log message - finalization of the format; 

i. Increment A - register - new micro; and 

j- 18 Position Console Rotary Switch — redefinition. 
The EDS at this stage still needs more work in the description of the three- 
phase or pipeline mechanism. Also, the general control logic philosophy and © 
design needs more editing. Those figures for both sections must be drawn. 
Otherwise, for final release, the processor description will mot be expanded. 


In many areas, the machine is much like the Bl1726 and it is assumed that the 
knowlédge of it with this simple EDS is sufficient to describe the MP-3. 
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COMPUTER SYSTEMS GROUP . M@PROCESSOR<3 


SANTA BARBARA PLANT EeDeSe #2215 9891 


12-9 INTRODUCTION 


This €0S defines the functionat characteristics of the 681820 
M-Processor<3» hereinafter catiea *MP-3." 


1.1 PURPOSE 

This EDS is prepared by Systems Engineering as a vehicte § for 
inter-designer communication and project controt. Its irtended 
audience is Systems Engineerings Diagnostics» and Software. It serves 
as input to the Product Spec which is exposed to other activities. 
1.2 EDS PHILOSOPHY 

The present state of this document represents the hardware design as 
“conceived imptementing the inferred product specification. It witt te 
periodically updated and once the design has been completed» sicnified 


by the engineering release to manufacturings this cocument witt 
reflect that machine and will not change. j 


1.3 PROOUCT IDENTIFICATION 


2212 8631 M@PROCESSOR=3 
2212 8623 CABINET“5 Ccontrot panel is part of cabinet ) 


1.4 RELATED SPECIFICATIONS» DOCUMENTS» AND DRAWINGS 


P.Se wt NAME 


1994 5681 B1700/1800 SYSTEM INDEX 
L913 1739 BL700/1800 CENTRAL SYSTEM 
2212 9001 MP=-3 . 


2212 9019 CP 4 
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COMPUTER SYSTEMS GROUP M=PROCESSOR=3 
SANTA BARBARA PLANT Be DeSe #2215 9891 
SeDeSe # NAME 
2216 0683 1/0 Bases3 
2216 0691 81820 System 
SPS. ff NAME 
2216 1962 MP#=2 
2216 2762 MBU=3 
E.DeSe # NAME 
2215 7408 1xi6Kx22 RAM Storage Board 
2215 8513 B1820 Clock System 
DOCUMENT NAME 
tbs 
DRAWING NAME 
tbs 


NOTES A*SIZE REOUCTIONS OF “**-ED CRAWINGS 
oe - ARE INCLUDED IN THIS EDS. | 
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SANTA BARBARA PLANT EeDeSe #2215 9891 


2.0 GENERAL DESCRIPTION. 


MP=-3 provides the combinatorial and arithmetic portion of the system 
along with other registers and hard storage that are appropriate for 
efficient operation. | 


MP-3 provides hardware sensitivity to a set of fowttevel 
micro-functions which are used in a program string to fetch and 
execute instructions. This micro-program is contained in aie tocat 
high-speed cache memory» backed up ty a somewhat slower but targer 
main memory €81800 S-memory) or in both. Cache is an integral 4K byte 
memorye 


Inctuded in MP=3 are registers and pseudo. registers which are 
addressable by the individual micro-operators. 


The registers are normatly addressed by a 4*bit group (row) number 
and a 2=bit setect Ccoiumn) number as shown in Table lt. 


Some of the registers tisteds such as the Pseudo Sum Register» can 
serve onty as source registers while others are capable of serving 
both as source and destination registerse Also» some of the recisters 
listed are actuaity subregisters whichs although parts of targer 
registers» can be individuatly addressed and manipulated. 


'-!' Table 2 summarizes the various conditions avaitable ty adcdressing 
particutar pseudo source registers and actual registerss Figures 1 and 
2 tist the microrinstructions and their vartiantss and Figures 3*9 are 
diagrams of the major portions of MP<-3. - 
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SELECT NUMBER 


| 0 2 2 3 
Oo t)0vlUTA OFU x sue 
1 ot TB FT Y CMPX 
2 1 Tc FLC T  OMPY 
3 Ot TD FLO t YX ANY 
eof | 3 
4 ‘ TE FLE | XEOQY 
5S 4 TF FLF M MSKX 
6 1 CA BICN BR MSKY 
7 1 CB FLCN LR XORY: 
’ 
GROUP 8 1 LA - NULLA FA DIFF 
NUMBER g 4 LB RESERVED FR MAXS 
10 «1 LC PERM FL NULLC 
il 1 LO  PERP TAS U 
q ; 
12 3 LE XYCN cP NULLO 
3 0 LF XYST NULLB DATA 
14 1 cc INCN | CSW CMND 
ist CD MSS TIME NULL 


TABLE 1 M“PROCESSCR REGISTER SELECTION 
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- JABLE 2 SUMMARY CF REGISTER CONDITIONS 
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Zot THREE PHASE MICRO EXECUTION 


Referring to Figure 10» the three phase execution of a nicro is 
described below. 


{A“REGE ==> CACHE 12° °=> 1 MREGI=->*2 DECODE ®- => N@REGS "= DREXECUTE® 
ananaane . IMEMORYS Sanaa n * LOGICe weaoanoaoan *LOGIC h 
1 om We a on KARAKKKE KE KARKRAREA 
u*c* ; u*b® u"a® 
ean aeean> 2 : 
FIGURE 10 


The process of a microvinstruction in the machine has three steps. 
Assume a string of one clock micros. At the first clocks it is loaded 
into the instruction register €M)s at the second» it tis daceoded and 
stored in the control register €(N)s and at the tast clocks», it is 
executed. At one clock timer ati three steps are occurrings eact to a 
different microinstruction. Stated differently» white the fetch of 
the microrinstruction (€c) one beyond the next microtinstruction is 
being made to the Meregisters» the next microrinstruction (€b) ts being 
decoded into the N-registerse and the present microrinstruction (a) is 
being executed. This micro~tnstruction process witl be referred to as 
the 3-phased cycte. . 


Figures 11 through 20 show stylized 3-phase execution s.avefcras. 


Figures 21 and 22 show a breakdown of the N-registers Figure Zl the 
low order bits and Figure 22 the hich order bits. 
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MJ ==> MJC i) * Micro J being decoded into its ith nano 


FIGURE 11. SINGLE NANO MICROINSTRUCTION TEMINGS 
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3.9 PRODUCT DESCRIPTION 


awe ee 7 a a ae ae > 1 ap ap a a a) oP am @ 


3e1 PROCESSOR REGISTERS 


The Meregister (Cmicro-register) is a 16“bit register used te hold 
the active microwinstruction (M*instruction or =micrctoperator or 
M-op). The state of this register is decoded to enable the cifferent 
controt signals within the processor to perform the operations called 
for by the M*0Op. The M-register is broken into 4 fietds for decading 
that are structured such that 61 distinct Mops can be decodec. 


The M*register is addressable as a source and as a sink 
Cdestination). When used as a sink registers» the source is bit*0Red 
with the upcoming M~op. Exception: In TAPE mode» the source is not 
bit-ORed with the upcoming M-op. 


There is a 17th bit for parity associated with the Mrregister. I[t 
contains the odd parity during a fetch from the cache or S-memory Chut 
not the cassette) to the M-register. A parity check tts operforrec on 
the contents of the Meregister and the parity bit after each fetch. 
The exceptions of the parity check are after a a cassette tcads a 
console ioad»s or a move to M~register Cbit OR with the next micro.) 


Zele2 AmWREGISTER 


The Aw-register is a 18"bit microwprogram address register capable of 
addressing 2622144 (256KB8) microtoperators tocated in cache and/or 
S*memor y. . 


The Aw-register is capable of having 12 bit binary increments with 
vatues from 9 through 4095 acdec to or subtracted from it. A 
highspeed carry adder facilitates microtprogram branching. The 
A-register itis automaticaity incrementeq during RUN mocdee FUNK moce 
includes CONTINUOUS»ORSTEP. In TAPE» the A-register is not 
automaticatly incremented by 1-2 Howevers any SKIP or BRAKCEK wittl 
result in the A-eregister being modified accordingly. Wraptarcurd can 
occur and is permitted. 
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The A-register can be addressed as a source and as ae sinke The 
A-register with 18 bits lines up with the main exchange CMEX) fron 
MEX04 to MEX21L. When used as a sources the contents of the Arregister 
are multiplied by 16. When used as a destinations the rightmost 4 bits 
of the source are lost. 


To obtain the micror~operator from S=memorys the <A address is 
multiplied by 16 to yiteld a bit address pointing tc the 
micro~operator. To obtain the microtoperator from caches the Awaeddress 
points directly to the cache tocation. A‘microroperator is obtained if 
the cache is enabled and if the microroperator resides in cache (Ci.e@e» 
the validity bit indicates a micro is present and there is a "“HIT"). 


The Arregister is reerrrs as destination register by the 
microwoperator “BIND*. . 


3e1e3 TAS 


The TAS CTop of Stack) Register is a 24-bit register which is the 
top of the A-Stack. The TAS register is addressable as a source and as 
a sink. References to TAS result in the stack being automatically 
pushed or popped. 


Sele& AMSTACK 


The AwStack is a 33 word deep 24-bit wide memory» without autosatic 
hard overflow interrupts which cperates as a push down stack with a 
Lasteine first-out type of structure. The YAS register operates in 
conjunction with the A-Stack to provide a virtual stack of 33 £4words 
deep. Using this stack» the nanosroutines operate in the noramat 
software catl-return type of prograrminge This altows for a highly 
shared nano-structure and reduces the nano-asenory requireéerents. 
Whenever the nanorroutine uses the stacker it only uses one Location of 
the stack. After each micro» any nano push of the stack is always 
‘completed with a nano pop of the stack. The user is only guaranteed 32 
locations of the Awstackse since one location must be avaitabte for the 
nano*programe 


The stack pointer has 32 statese Since the physical A-stack has 33 
ocationss care must be exercised when the Awstack is used for more 
than 32 consecutive pushes or popse As a note of cautions the first 
pop after a push is a destructive read which overwrites the. TAS with 
“the next worde 
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FIGURE 24 FLOW OF A*STACK OPERATION 
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‘FIGURE 25 TIMING OF A@STACK OPERATION 


‘di 2 a a ah <D L aMened Rema nn am me Oe aw SMEAR eee na 


wh = 


PAGE 24 


BURROUGHS CORPORATION —  @ COMPANY CONFIDENTIAL 
COMPUTER SYSTEMS GROUP M@-PROCESSOR=3 

SANTA BARBARA PLANT EeDeSe £2215 9891 
TAS 0 £ 2 3 bhecanae27 28 29 30 31 PRY 


a § # &@ © @ © € @ € 9 8 € F F RAM BERAVIOR 


0 ) 0 0 0 0 0 0 0 0 0 
1 Oo 0 0 0 0 0 0 0. 1 st WRITE at 

2 0 0 (4) 0 0 0 0 0 0 2 2nd WRITE a2 
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3e1e5 X AND Y 


The X-eregister and the Yregister are 24-bit general furpose 
registers used primarily to hotd and to act as a source for the two 
operands of the arithmetic and combinatorial unit. Each register is 
addressable as a source and as a Sinke. 


Both registers are capabie of aft SHIFT/ROTATE operations. The 
Xeregister is capable of the NORMALIZE. For cache diacnestic 
REAQD/WRITE operations the Xeregister is used to hotd data. For the 
cache diagnostic WRITEs the Yrregister is also used for cata. 


The X and Yeregisters are two of the four registers (X» Ye Tr and L) 
capable of the diagnostic cache write operation with the cache semory. 


‘The Yeregister is the destination on the Diagnostic Reac/krite 
Memory (11D) operation for the echo response of the write cata and 
address» and the ELOG register. 


The X= and Y- registers are compared in the cassette control ricro 
to either cause a halt or a skip depending upon the variant (Csee 
section 344.239). . 


32.1.6 L 


The Leregister is a 24=bit general purpose register usec tyrically 
to hotd togical flags for the microtprogram codee The Leregisters as 
welt as each 4*bit group of L Cdenoted as LA» LB» LC» Ld» LEo ard LF de 
is addressable as a Source and aS a Sinke 


DISPATCH operations use the L«register as the source or sink for a 
24-bit message Cusuatty an address) which is stored tin/fetchec from 
Sememory location zero. 


The BIND operator uses the L-register as the source of the 24-bit 
value to be added to T as a sum going to A. 


Since the L-register is addressable in 4~bit groups» its ccntents 
are avaitabtle for anatiysis and aiteratian via the &4-bit functior box. 
MANTPULATE» SKIP and BIT*TEST“-BRANCH instructions can operate on L 
dat ae 


The Leregister is one of 4 registers (Xs Ye ts and TT) capatle of 
reac/write operations with main memory. 
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The L-register is one of the 4& registers (X» Ye T and Lt) capatle o f 
the diagnostic cache write operation with the cache memory. 


$ele7 1 


The Terejzister is a 24-bit general purpose register used primarily 
for the interpretation of the SfLanguage instructions. Trregisterr as 
well as each 4*bit group of T €denoted as TAr T8e TC» TO» TEr ard TF). 
is addressable as a source and as a sink. 


DISPATCH operations use the teast significant seven bits of T as the 
source or sink for the port and channet information associatec with 
the DISPATCH operation. 


The BIND operator moves CL plus T) to Ae 


Since the Trregister is addressable in 4=bit groups» its cecntents 
are avaitabte for analysis and alteration via the 4-bit functior vox. 
MANIPULATE» SKIP and BIT*TEST"“BRANCH instructions can cperate cn YT 
data. 


The Teregister is one of 4 registers (X» Yo tL» and 1T) capatte of 
both read/write operations with gain memory and of the diacnostic 
cache write operation with the cache aemory. 


The Teregister is also capabte of the SHIFT/ROTATE and EXTRACT 
operations. . 


3-128 FA 


The FArregister (Field Address) is a 24*bit register used primarily 
to hold an absofute bit address for the main memory. It hés_ the 
capabitity of directty addressing any bit in the memory starting at 
any point. The FAw-register ts addressable as a source anc as a sink. 


The FAwregister is capable of being counted up or down by a_ TLliterat 
in a micro~instruction or by the vatue: contained in CPL in ocrcer. to 
facilitate iteration through a memory fieid. It can be incremented or 
decremented by a vatue in a left scratchpad word. [t atso hes the 
capabitity of being loaded» storede or swapped atong with FB into a 
double scratchpad worde 

Neither overftow nor underfitow of FA is detected. The vatue of FA 
may go through its maximum value or its minimum value anc wrap arcund. 
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The READ/WRITE Cache diagnostic operator uses the FArregister as the 
source of the cache address to be used in the operation. 


The FAeregister can be cospared with the S8R~register fcr three 
functionse In the memory operations» FA is checked to be within the 
Limits of the BR-eregister (see Sections 341212 or 36101342)» cr it can 
be used as a hatt variant in the cassette controt micro» or it can be 
used as a SKIP vartant in the cassette control micro. (Csee fection 
304039) @ . | 


30169 FB 


The FBrregister is a 24-bit register which can be functionally 
divided into three portions: a 4*bit FU CField Unit) registers 4a 44-bit 
FY <Fietd Type) registers and a 16"bit FL (Field Length) register. 


.The FB-register» as well as each 4S4-bit portion of F8 denotec es FU» 
FT» FLCC» FLDe FLEe and FLF is adcressable as a source anc as a_e sink. 
In additione the 16-bit portion comprised of FLCC» FLD» FLE» ara FLF 
and denoted as Fl is atso addressable as source and as a sinke © 


The FUrregister hotids the ftlength of the unit which makes up a_ fieta 
in memory. The FIeregister hotds the fieid tape information while the 
Fleregister hotds the total length cf the field. FL is capatia of 
describing fields up to 652636 hits and can be adjusted up or dewn cy 
a literat in a microrinstruction or by the value contained in CPL ir 
order to facilitate iteration through a memory field. 


Note: Overftow of FL is not detected. The vatue of FL witt go 
through its maximum value anc wrap around. Underflow of FL is detected 
and witil not wrap around. The value of zero is left in FL. 


Since the FO-register is addressable fin 4"bit groupss its centents 
are available for anatysis and aiteration via the 4-bit functior box. 
MANIPULATE» SKIP and BIT“TEST“BRANCH instructions can operate on F8 
data. 


FB has the capability of being toaded» stored» or swapped atorg with 
FA tnto a doubte scratchpad semory worde 


FU and FL atong with corresponding portions of the first ceit of 
 seratchpad are used to set the varicus conditions of FLCK (see Section 
- 3Seleltle FLCON) and the vartous conditions of the CPrregister (see 
Section 304620» BIAS). i 


3ele10 SCRATCHPAD 
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A scratchpad memory of sixteen 48-bit words is provided tc hola 
fietd descriptors during the iteration of operands. Some cells fay be 
used to hold S-tanguage stack pointers and other processor recisters 
which are under constant manipulaticn. 


The FU and Ft portion of the FB-register and like portions cf the 
first celt of the scratchpad are used to set the various conditions of 
FLCON (see Section 3eleli»s FLCN) and the vartous conditions cf the 
CPeregister (see Section 344.20» BIAS). 


The WRITE into scratchpad is a twe step operations each recuiring 
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one ctock to execute. At the first clocks the data is trapped into 3° 


fatch and during the second clock the data is written into the 
scratchpad. The second clock may occur in the micro execttion time of 
another micro which did not direct this WRITE operation. If that micro 
Was a READ from scratchpads then it must be delayed until the previous 
WRITE operation was compteted. 


Selell FLEN 


FLCN Cfield Length condition) ts a 4“bit psuedo register that holds 
the result of a comparison of the FL portion of the Fa@eregister and 
the corresponding portion of the first scratchpad word. [t is 
addressable as a source only. 


3 2 1 0: LS6 


FLCON? @ FL=SFL f FLOSFL ¢ FL<SSFL &§ FL neq 0 1 


3e1-12 BR AND LR 


The LR and 8Re-registers are both 24~bit registers and are used _ for 
memory protection and for base relative addressing. Memory protection 
is provided by checking the memory address in FA with the e@R (Base 
Register) and the LR (Limit Register) for att memory cycles. Any 
address outside these bounds ts flagged in the COerresgister (CNC0) 
WRETE/SWAP» CDC1) READ).} A memory read operation is always t«hether 
inside or outside the boundary» but WRITE or SWAP operatiors are 
attowed outside the boundary onty if the override bit of the cO€2) 
register ts truee A memory address equat to the BR or LR is censicered 
in bounds. Note: The memory protection ts provided onty cn the initiat 
pointer and does not provide protection. on those memory bits accessed 
when the Field Length is greater than onee If the field is outside of 
the administrative semorye then PERMC(2) Cbit 2 of the PERM recister) 
is set. The COUNT operation specified by the count variants will take 
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place regardless of whether or not the memory cycle takes plrce. 


BR-register is compared with the FA-eregister in the cassette controt 


micro to either cause a halt or a skip» 
(see section 3.24.30). 


depending upon the variant 


Each register is addressable as a source and as a sink. 


Seleo13 C. 


The C Ccontrot) Register is a 24-bit register which is not adcressable 


is an entity but which 
B-hit section and four 47bit sections. 


Zelel3Se21 CP CCYFe CPU» CPL) 


The 8-bit section» addressed as CPs is comprised of 


unit carry flip-flop CCYF)» 


unit (CPU) and the Sbit variable data length control 


not addressable. CPC6]> 
the LSB of CPUPr 


BCD. CP{71]» CYF>s 


7 6 
cp: ! CYF ¢! cPuU ¢ cPL 1 
f Oooel 1 Ooee3 t Oose3l f 


Zelel3e2 CAe CBe CCer CD 


The remaining L6-bits of the Crregistor 


CC and CDe 
the 44-bit 


groups as CAs CBr 
and aiteration via 
BIT*TEST=BRANCH 


The 4-bit groups designated as CA and CB have no speciat 
general 


assignment and are avaitabtle as 


registers. 


The two 4*bit registers designatec as CC and CO 


is functionatly divided 


the MSB af CPUs has no special 
determines the Unit of the ALU 
ia atso avaitabtle as a source of referencing BICNE 2). 


59432 1 08 


into one 


the arithmetic 

the @-bit unit control for the arithmetic 
CCPL). CPU is 

meanings CPI5]> 

thus: Os binarys 13 


LSB 


are addressable in 4=bit 


Their contents are available for aralysis 
function 
instructions are applicable. 


DOXe MANIPULATE» SKIP and 


functional 


purpose 4~bit storage 


are used fer the 


storage of various processor states and conditions as shown belcws 
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3 2 1  OfLsa 
4 CONTROL PANEL # 100 MSEC ‘1/9 BUS 1 CONTROL ¢ 

cc: 1 STATE LAMP 1 REAL TIME CLOCK ! SERVICE § PANEL 1 

i FLIP-FLOP ( INTERRUPT («REQUEST f INTERRUPT 1 


SOPHO RDDHARSBDHBAAEAHABNANRSR BASSWARAA KM BNA ARS BRAFWAOBA SETH GVHAEAOEQODMEA MOA ABAD @ 


CC(3): The control panel state lanp flip-flop when true witl cause 
the STATE tamp to light on the ODOtagnostic anc Maintenance 
Consote. 


CCC2)3 The reat time clock interrupt signat is developed frem_ the 
primary power frequency» field adjustable for either SCH2z or 
60HzZ. The interrupt signal is received and is used to set the 
CC{2) bit once every 100 milliseconds. 


CC(1)? The [7/0 Bus service request interrupt tevel is derivec from 
the various I/0 controts connected to the oprecessecr'ts I[/0 
Buse The lLevet is the result of a service request by cne cr 
more controts and is used to set the interrupt bit every 
clock time. 


CC(0): The control panel interrupt tevel is derived from the an 
position of the controt panel®s INTERRUPT switch. The level 
from the switch is used to set the interrupt bit every clock 
time. This flip-flop also drives the lamp behinc the 
INTERRUPT switch on the operators panet. 


3 2 1 OsLSa 

« Memory { Memory |  § Memory { Memory 1 

! Read Data ! Write/Swap { Read i Write/Swap { 
CO: ¢ €rror ( Address {1 Address |! Address . 
! Interrupt t CLR/BR Check) #§ CLR/BR Check) !t CLR/BR Check) J 
| . { Out of Bounds t Out of Bounds t Out of Bcunds 1 
{ 1 Override 1! Interrupt { Interrupt { 


COC3)2 There are severat ways this bit can be manipulated. [t is 
addressable as a 4-bit register and can be atitered through 
the applicabte microrinstructions. In adcition» this 
flip-flop is recognized as the memory Reac Data Error 
interrupt flag bit. As such» it can be set by: 


M-register parity errors 
Cache Key parity error» 
Cache Double Hit» 
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Cassette parity errore ; 
Uncorrectable S=-memory CCPU) error» 
Error tog register has changed» 
S-memory field out of bounds» and 
S*memory micro has timed out. 


COC2)» CDCL)» COCO): 


The memory address out-of bounds signats are derivec’ from 
logic which compares the contents of the FA-register with the 
contents of the Base (BR) and Limit CLRI Registers cn atl 
memory accesses. The state of the out“ofsbounds override 
control bit does not affect the setting of out-cfrocuncs 
interrupt bits but does affect the occurrence of the 
subsequent write operation. (See Section 3.1.12). 


No reaction occurs as a result of any interrupt until the 
micro-program tests the interrupt bite 


A microvinstruction or the control panet CLEAR puskputton 
is capable of resetting a bit in the Crregister. Tre bit 
being reset wittl be fatse for at teast one clock perioa 
following the reset reagardtess of the continued existerce of 
the condition to set the bit Ce.ge» controt panel of serivece 
request interrupts). Any test micro~operator executec in this 
clock period will find the bit false. If the ccnditior daoes 
not continue to exist beyond the reset times a failure to set 
the bit may occur Cesge» timer interrupt). 


Selelh  MAXS 


MAXS is a 24"bit pseudo register that can be field-adjusted tc give 
the size Cadministrative or actuat physicat) of the S-merory installed 
in the system. It is addressable as a source ontye MAXS» for main (5S) 
memorys has 8Ke-byte resolution Cleast significant 16 bits are always 
zeroes). 


3.1.15 U 


The U-register is a 1Lé*bit register used primarily to accumulete the 
bit-by~bit input from the controt panet"s tape cassette. The 
U-register is addressable as a source register only. 


In RUN mode» tf data is not yet available in the registers the 
microtoperator witl be delayed. Data not accepted in time witl he 
Lost. ; : 
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In TAPE modes the register*s contents are automatically moved to the 
M-register for execution except when executing microtoperators that 
reference the Urregister as a sourcee. In these cases the source data 
is moved directly from the Urregister to the destination and wilt not 
be treated as an tnstruction to be executed. The next instruction from 
the tape will follow this datae In the tape modes it is possitte to 
move data to the M-register. This will result in a bit-OR of the moved 
data to 4 with the next micro being fetched to the M-register. For 
MOVE 24-BIT LITERAL €9C)» the 8 bits of the literal in the M-register 
are also moved to the destination. For CONDITIONAL BRANCHKe~ the 
A-register may be changed but the next smicrorvoperator read from the 
tape will also be executed. Note? In RUN mode» the Urregister may not 
be addressed after the issuance of a CASSETTE STOP micro. 


301215 OATA 


DATA is a 24-bit pseudo register that can act as a source or as a 
destination. It is used to transfer data to and from the I/0 Bus. When 
it is used as a sources the precessor generates the RC (CRESPONSE 
COMPLETE) stgnal to the interface and accepts the 24"bits of cata from 
the buse When used as a destination» the processor generates the RC 
signal to the interface and the data from the designated source to the 
Dus. , 


The micros which can source DATA are 1C and 2C% the micros which can 
Sink to DATA are 1C» 2Cs» and 10Ce The hardware prevents multiple &C%s 
from occuring any sooner than @ clocks apart. 


Data can be executed from the console simitar to other registers. 
However» because of the singte RC that ts generateds it is ci¢scussec 
separately. For reviews, in the console moder the selected register is 
always sourced to the console lights. In order to cause the switches 
to be loaded into the register» the LOAD button must be activated. In 
the console moder an RC is generatec only when the LOAD obutton is 
activated and inhibited at other tises. 


Assuming that a previous console command was an I[/0 commands then 
the [70 is either ready to accept or transmit data. If the I/C is to 
transmit data» then the selected 1/0 witt hold the data on the MEX 
Which is then displayed on the panet tights because ne RC is 
generated. Pushing the LOAD button will transmit an RC (precessor 
switched commands to now transmit to the 1/0) which witt comptete the 
operation and cause the 1/0 data not be be disptayede If howevers the 
I/0 is ready to accept data (the processor must switch costands § from 
sourcing to sinking into the 1/0) then at the activation of the tLCAD 
button» an RC would be generated and the switch contents will be 
strobed into the selected I/0 device. 
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3e1le17 CMND 


CMND (Command) ts a 24"bit pseudo register that can act as a 
destination onty. It is used to transfer commands to devices cn the 
1/0 Buse. The processor generates the CA signat to the interface and 
moves the data Cor the command) from the designated source to the bus. 


The micros which can sink CMND are 1C» 2C» and 10C. The herdware 
prevents a CA to follow an RC any sooner than 4 clocks. 


CMND can also be executed from the cansole. Since CMND is 2 = sink 
only» sourcing CMND witl result in a nowoperation. Then activating the 
LOAD button will cause a CA to be transmitted aiong with the transfer 
of the console switch contants to the I/0 device 


Zelel8 NULL 
NULL is a 24-bit pseudo register that can act as a source and as a 


destination. Hhen addressed as a sources alt zeros are supplied te the 
destination. When addressed as a destination» the source data is not 
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accepted. However» NULL is useful as a destination in orcer to fop the 


TAS register without affecting other registers. 


321.19 CSW 


CSH ts a 24-bit pseudo register that can act as a source only. when 
addressed as a sources information on the positions of the control 
panel switches is supplied to the destination. 


341-220 SSW 


The MSSW. micro-instruction source switch register» is a source/sink 
register. It is special in that the consote microwinstruction source 
Switch fis bit-ORed onto the output cf this register. Any vatue can Ce 
loaded into this registers but its contents are interpreted es the 
combination of the bits in the register and the console switch 
position. ; 


3 2 i gst sa 


1 4 ' | ‘ ‘ 
FORMAT: 1 0 j 0 (St i $0 i 


i i i | § 


OD Oh EHS SOD S88 ONDHTDSE DBSESSe BSNS SVS**SAAWSASOGVSSBOESAE BWA GSS @ 
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During RUN» the source of the rnicro-instructions is controttec by 
MSSWe. Specifically»: this is whers the tnstructions are sourcec: 


Si So 


00 The source of the amicro~instructions is from the cache. 
However» if there is a MISS» the microrinstruction is 
directly from the Swmemory as it routed to the cache. This 
mode is referred to as the normat mode where both the cache 

. and S*memory are active. 


01 - The source of the microrinstructions is from the Ssemory. 
The cache is disabied as a source of instructions. 


10 The source of the microrinstructions is from caches f MISS 
wiil result the processor halting. No instructiors are 
avaitable from the S-memory. 


11 The M-register is frozen. The present contents cf the 
M-register are repeated. 


The MSSH can be sourced or sinked as a 4&4=bit register. Alt the move 
instructions which are appticable to a 4&-bit register are also 
applicable to this register. The register has only two bitse 
Therefore» sourcing 4°bits will result in the upper 2-bits being a 
zero and sinking 4~-bits wilt resuit in the upper 2=bits teing tost. 


Care must be used when altering this register since it affects the 
source of gicrow~instructions. Since the MP=3 pipeline is affectac hy 
the source of the microctnstruction»s improper source switchirg may 
cause the pipeline to get out of synchronisa. 


3e1e21 NULLA» NULL Bs» NULLC» NULLD» and NULLE 


These five pseudo registers can act as sources or as destinations. 
When addressed as a sources att zeroes are supptied to the 
destination. When addressed as a destinations the source data is not 
accepted. : 


_ NULLA reptaces TOPM»s NULLB replaces MSM» NULLC replaces MAX. and 
NULLD reptaces MSR of the Model I and II M-processors. 


3e1222 RESERVED 
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This pseudo register acts as a NULL register. I[t reserves the space 
the Liege LCR uses for IOR. 


3.2 24 7BIT FUNCTION BOX 


The 24-bit “function box" is compased of a 24-bit arithmetic unit: 


and a 24-bit cosbinatoriat unit. It has as data inputs the contents of 
the X and Yrregisters and the carry flip-flop (CYF). It also uses CPU 
(control for the arithmetic unit? and CPL Cthe Se-bit variable operanc 
Length) from the CP portion of the C-register. 


Alt resutts from the combinatorial section are generated immeciatetly 
and are continuously available to the micro-programmer. A move to one 
of the input registers or an atteration of a value in the CP portion 
of the C-eregister immediately generates a new result. The results are 
available to the next microsinstruction and are accessed by moving the 
contents of a result register to a cestination register or by testing 
one of the 44-bit condition registers. 


The results are most of the commonty used functions between two 
operands. These include the Ande Ore Exctusive-Or- sums carryout» 
difference» and borrow functions» and the set of eqral-to-» 
greatersthans and tessethan retationats. The resutts of tke unary 
operations of complementation and masking are atso available. 


The results of the arithmetic unit are under control of the CPU and 
the CPL registers as follows: 


CPU UNET TYPE POSSIBLE CPL VALUES DATA, TYPE 


00 L-bit operands 1 to 24 Binary 
01 ' &-bit operands 4982120162202 or 24 &he-bit binary CECD) 
10 Lt-bit operands Lh to 24 Binary 
11. 4-bit operands 4e8et2e16e220» or 24 &4-bit binary CECD) 


For vatid arithmetic operations» the operand tength (Cas specified by 
CPL) must be an exact multiple of the Length of the unit specified ty 
CPU. 


The contents of each of the registers described in the fottowing 
subsections are immediately avatiabtle to the micro-programmer. 


3$e2e1 SUM 
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SUM is a pseudo register equat to the sum of the X» Ys ard CYF 
registers (X + ¥Y ¢ CYF). Zero bits in the more significart bit 
positions of the 24-bit result are produced when the Length as 
determined by CPL (5-bit variabte data Length controt) is less than 
24. Results are not defined for CPL values 25 threcugh 31.2 £=The 
carrytout devet is generated from the bit position of the output 
specified by CPL. If CPL = O» the carryout tevel is equal to CYF. If 
CPL = Ll» the carryrout tevel is generated from the rightrost cit of X» 
Yr and CYF. See Section 3elel3el» CP CCYFs» CPUr CPL). 


If CPU C2-bit arithmetic unit controt) = .00» the binary sum i5 
producede See Section SelelL3el»e CP CCYF» CPUs» CPL). 


If CPU = Ol» the decimal sum ts produced by considering the X and /Y 
inputs to be comprised of six 4*bit units. Results are are not cefined 
for non-Binary Coded Decimal (BCD) units. CPL must be a multigcie of 
four. 


If cPU = 10 or ils» the sum is defined as though it were O00 or Ol 
respectively. The ALU is controtted by CREGC05). 


32222 DIFF 


DIFF is a pseudo register equai to the difference of the Xs Ys and 
CYF registers (X = Y - CYF). Zero bits appear in the more sicnificart 
bit positions of the 24-bit resutt when the tength as determirec by 
CPL is tess than 24.2 Results are not defined for CPL vatues 25 through 
31. The borrowcrout tevel» generated from the static comparison cf ait 
24-bits of XK & Ye is true if xX < Y or if X = Y and CYF is true. 


If CPU = 00» the binary difference is produced. 

If CPU = Ole the decimal difference is produced by considerine the X 
& Y inputs to be comprised of six 4*bit units. Results are not cefined 
for non-B8CD units. CPL must be a multiple of four. 


If CPU = 10 or Ill» the difference is defined as though jit were O00 or 
(OL respectively. The ALU is controttied by CREGC05). 


A negative result is in 2%s coeplement form in the binary case and 
in 10%s complement form in the decimal case. 


3203 XANYs XORYs XEOY 
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XANY» € X and Y)s XORY € X or Ye and XEOY (CX exculsiveror YY) are 
24-bit pseudo registers that hotd the results of the specified togical 
functions. Zero bits are produced in the more sicnificart bit 
positions of the 24-bit result when the length as determined ty CPL is 
fess than 24. Results for the CPt vatues 25 through 31 are not 
defined. . 


3a2e4 CMPX » CMPY 


CMPX Ccompiement of X) and CMPY (complement of Y) are Z4*bit pseuco 
registers that hotd the resutts of the specified logicat functions. 
Zero bits are produced in the more significant positions of the 24-cit 
result when the tength as determinec by CPL ts less than 24.2 CPL 
values 25 through 31 have undefined results. 


36205 MSKX oMSKY 


MSKX» (mask of X) and MSKY (mask of Y) are 24-bit pseudo registers 
that hotd the mask of the appropriate register (X or YY). Becinning 
with £58 of X or Ys the number of bit positions inctuded in the mask 
is determined by the value of CPL. Zero bits are producec in the more 
significant bit positions of the 24-bit resutt when the Lencth as 
determined by CPL is tess that 24 fesuits are not defined fer CPL 
values 25 through 31. 


3e2e 6 BICN 


BICN Chin aey conditions) is a 4-bit pseudo register that hclcs the 
following binary conditions» considered as a 44-bit groups and 
addressable as a source only. 


NOTE: CYF is aiso addressed by the SEY CYF M=instruction as welt as 
being availabte in the (88-bit) group addressed as CP. 


3 2 1 O:LSB8 


BICN: ¢ LSUY 4 CYF { CYD I CYL § 


eee ee ee gO ee Oe ee 


1 t { . 
4 i { Carry Out Levelt 
ft | ' Borron"Out Levelt 

i. Carry Flip-Flop (CPC7)) 


Least Significant Unit of Y 
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The carry~out tevelt is a function of X» Ye CPLe and CPL. See Section 
3e2ele The borrownout tevet is a function of X» Yr» and CYF. Sea 
Section Selale OLFF. , aa 


LSUY is true if the Least significant unit of Y is equal to 1° and 
CPU = 00 or 10% or if the least significant unit of Y is equal to 1001 
and CPU = O1 or Lille Only CREGCO5) of the CPU controls this operation. 


3e2e7 ° XYCN 


XYCN CXY condition) ts a 4*bit pseudo register that hotcs the 
following retational conditions» considered as a 44-bit group and 
addressable as a source only: 


5 2 t O3LSB 


Nt DSB RSRBSEENEEREDBOESBD AOR OBR EADa®D 


XYCN? @ MSBX @ X=¥ 9 X<¥ 2 X>Y J 


BESS Seas eqaees* eV aesoaaed enna ge 


MSBX is true if the bit in X referenced by CPL is 1. CPL’ = 1 
references the rightmost bit of KX white CPL = 24 refererces the 
feftmost bit. MSSX = 0 if CPL = QO. 


The relational resuits are based on the binary value of atl <¢4-bits 
of X and Y. 


30228 XYST 


XYST OXY states) is a 4*bit pseudo register that hotds the following 
relationat conditions» consiaerea as a 4“bit group and acddressatte as 
a source only: 


3 2 i 0:tsB 


XYST: #% LSUX 4 INT #@ ¥ neq O t X neq O 1 


LSUX is true when the “least significant unit of X is equal to 1 and 
CPU = 00 or 105 or when the least significant unit of X is equal to 
1001 and CPU = OL or IL. Only CREGCOS) bit of the CPU contrels this 
operations | | a 3 


The relationat resutts are based on the binary vatue of ait 24 bits 
of X or Y. . ; 
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INT is true if any of the foltowing conditions as reflectea ir INCNe 
CC» and CD are true. (See Section 3226.9 INCN and 3ele1322 CA» Che CCr 
CDe 


INCNC3) 3: Missing Port Device 
INCNCL) 3 Port Interrupt 
Cct2) 3 100MS Real Time Clock Interrupt 
cCci)d : Bus [/0 Serivee Request Interrupt 
ccco) 3: Controt Panet Interrupt 
COCc3) 3: Memory Read Data Error Interrupt 
COCO) 3: Memory krite/Swap Address C(LR/BR Check) 


Out of Bounds Interrupt 


3.249 INCN 

INCN Cinterrupt conditions) is a 4*=bit pseudo register» source only» 
that reflects the state of certain interface tines between the 
processor and the port interchange Cif present). 


3 2 i O3LSB 


t PORT - § PORT § PORT § PORT j 
{NCN: € MISSING @ HI PRIORITY 1 INTERRUPT & LOCKOUT 2! 
(Port t DEVICE tt INTERRUPT i ( t 


When the port interchange is not present certain bits of INCN) are 
Strapped at a TRUE or FALSE vatue as shown 0obelow. See atso the 
DISPATCH micro (344429). 


3 7 2 1 O:LSB8 


| ! : i ca { i 
INCN3 ‘ laa taindinal { FALSE | FALSE 1 FALSE { 
(Direct 1 1 ‘ . | { 


3e2019 PERM CPARITY ERROR MEMORY) 


This is a 4*bit register which indicates that a problem has occurred 
in memory. The register is defined as foitows: 


4g 


3 2. 1 O2LSB 


PERM: 4 S7-mesgory t S-memory i S-menory § S*menmory { 
Y Micros { fietd outerof= tt Error Log i uncorrectable ! 
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{ Instruction ! bounds of the ! has changed {! error during 1 
t Time-OQut  { administrative { t a Processcr | 
| { memory | . { operation ] 


This register gets set to zero whenever the machine is startec from 
the halt state or in the halt states whenever the register select is 
in column 6 and the LOAD button is activated. 


PERMC3)3 Alt memory micros witt be checked for timerout. These 
micros are Read/Write Memory (7C3»e Swap Memory (C€2D)s Diacnostic 
Read/Write Memory (11D)5 and Dispatch CLE). The occurrance of a memory 
timerout will cause this bit to be set and immediately hatt the 
processor with the stuck memory micro executinge This tit true 
indicates that an S*memory micro has timed-out. 


PERMC2)3 This bit true indicates on any memory micros» either 
Read/Write» that the administrative memory (memory size as either 
determined by MAXS or the physical remory present) has been exceeded. 
For examples if the memory operation caused three stacks to te read» 
but the administrative memory had tro stacks» then this bit would be 
set truee For the stack which was absent» att zeros would te returned» 
and there would be no error correcting action and herce ro error 
indicators. Ouring a fetches a field out-of-bounds error wiil cause the 
machine to hatt. 


PERMC 1): This bit wilt be set true whenever there has teen a change 
to the errorslog register. The error-tog register ts emoty Cresets» or 
cleared) after it has been read by the processor. The errore{tcg 
register can be changed depending upon the tlevel of the change 
information. Generaltys the first error detected is toggec. Then if 
there is an error of greater tmportances its status is writter into 
the error-log. There are three tevels of errorse and these are the 
possible chain of events: 


Case 1 single bit error which was corrected» reclacec by an 


uncorrectable error from a non CPU device reptlacec by an 
uncorrectable error from the CPU access. 


Case 2 °- an uncorrectable error from a non CPU devices replaced by a 
an uncorrectable error from the CPU access. : 


Case 3 an uncorrectabte error from a CPU accesse Note: Tte CPU 
error could be caused by a read error before a write 
operattone | 
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Just for informations the errorelog register contains the following 
information (see Section 304s 2° for format): 


1) Board number (4 bits) and chip row (2 bits). 


2) Syndrome (6 bits) which indicates the tyoe of error. See 
attached Table 3. | 


3) Write operation - the recorded error was the result of a = «ite 
operation Cread prior to the writes also may be either the bits 
which were written over or the bits which were restored). 


4) Mutipte occurrence error. There was more than one occurrerce af 
each type of error. An error status was Lost. 


5) Corrected singlesbit error. One error which was recordec was a 
corrected single~bit error. Note: If no other higher bit error 
flag is set» then the error represented in the syndrome is. a 
corrected single-bit error 


6) Non CPU uncorrectable error. One error which was captured was a 
non CPU uncorrectable error. Agains if there its no CPU error 
‘recordeds then the syndrome contains the status for this error. 


7) Uncorrectabte CPU error. The error represented by the syndrome 
is the first CPU uncorrectabie error. 


PERMCO):$ This bit true indicates that there was an uncorrectabte 
error as a result of a CPU access. Curing a fetch» an uncorrectable 
CPU error wilt resuit in a processor halt. 


The PERM register can be a 4*bit source or sink for the move 
instruction. The conditions which set these bits also affect CO(3) and 
the RUN mode of the processor. This is iiflustrated by the diagram in 
Figure 28. i 
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FIGURE 28 


3e2e11 PERP (Parity Error Processor) 


PERP is a 4-bit register which contains the error conditions which 
are generated in the processor. These errors are the result cf the 
micro fetch mechanisms cassette tape read parity errors cacte key 
parity errors» parity error on the micro in the Mrregisters, and a 
double hit in the cache reado 


Specifically» the PERP register has this format: 


3 2 1 O:LS8 
_ Cache { Cache Key {1 Parity Error 1 Cassette } 
PERPs. 4 Double Hit { Parity Error tf on the word 1 Read Error { 
] tf on Key A i fetched to } which canrot 1 
{ f or Key 8 ! the M-register 1! be corrected ! 


From the HALT states» starting the machine wilt result ir this 
register getting set to zero. Atso» when halted and the register 
select is on column 6 and the LOAD Cutton ts activated» this register 
is set to zero. 


PERPC 3) Cache Doubte Hit 


‘Cache double hit wilt result tn both block A and block 8 read data 
from the cache to the merged. During fetch» this represents a herdware 
malfunction and the CPU will halt Ceache enabled). Doudlte hit can 
occur with the hardware in its normal operational state withott any 
harware matfunctioning. This is when the key in both block A anc 8 for 
a particular index ts identicat» ane this occurs when writing irte the 
cachee the Awregister is the same fer writing into tlock A anc Fe. With 
the cache disabled» the double hit wilt not hatt the processcr but 
onty set CD(3 and PERPC3)-~ 


PERPC 2) Cache Key Parity Error on Key A or Key 8 


This bit tis set whenever there is a parity error on reading the key 
store. Since both key stores» A and 8» are read togetherr this flag 
can be set whenever either generates a bad parity check. The parity 
check is an odd parity over the key (8 bits)» vwatidity (1 bit)» and 
parity (1 bit). When the MP-3 is clearede the key 1s zercs vatlicity is 
ones» and the parity is zero. With cache enabled» cache key parity 
error during a fetch will halt the MP-35 when disabled» it with set 
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CDC3) and PERPC2). | 
PERPC1) Parity Error on the M-register 


This bit will indicate whenever there is a data parity error from 
the cache or a micro~fetch directly from tho S“memory. Since the MP=-2 
can move data to the M=registerr» at those times» the partty error 
reporting on the M-register will be disabted. when loacirg the 
Meregister from the consoles anc when loading micros fren the 
cassette» the parity bit is not transmitted. Therefore»s durirg the 
tape mode and console loadings there with de no parity checking on the 
Meregister. The conditions to cause this PERPC1) to be set will also 
hatt the MP3. 


PERPCO). Cassette Read Error which cannot be corrected 


This bit when true indicates a cassette read error. Tt will cause 
the MP-3 to halt whenever it is true during the TAPE (MTR) moce. 
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The Parity Error tamp on the console will be driven whenever there 
is any condition to set COC3} except loading into CDC3). That ise the 
parity error lamp wilt be lit whenever any of the conditions to set 
the PERM or PERP register comes true. 


The parity error lamp witl go off whenever the machine is hatted and 
the register select fs in column 6 and the LOAD button its activated 
or whenever the machine is started from the hatt state. 


UN COK 3 - WIEN Lb (0) 


PERM (1) 
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3e2-e12 TEME 


TIME #58 a 24-bit eegister which continuously counts every 2 system 
clocks. It counts up and will wrap around. [t is a source onty 
register. However» attempting to move data into this register wilt 
cause it to be reset to zero.w YIME can only be read ty the 


Register Move (1C) aTECes reser by ove B- bit gp hered (80), 


Move 24-AIt Li ferg/ SAT fess ae aes ee 
PIVIEHOS AY AF Ftc C96) eae BS Hala 7- rg 43 ter (700), OOD EGE 
3.3 4-BIT FUNCTION 80X o ; 


The 4&@=bit function box C4ebit arithmetic and combinatorial section 
of the processor) can accepts as one of its inputses the conterts of 
any of the fottawing 4-bit cegisters and pseudo registers. The second 
input fs obtained from the M-instruction itself. 


TA TB TC TD TE TF PERP 

LA LB LC LO LE LF RESEFVED 
FU FT FLC FLOE FLE FLF 

CA CB cc CD NULLA NULLE 

BICN XYCN XYST. FLCN INCN PERM 


Outputs inctude the result of most of the commonty used furctioans 
between two operands, for example: sete and» or» eaxclusiverors anda 
binary sum and difference (both modudo 16). Outputs are are directec 
back to the source register if the source register is not a pseudo 
register. 


The sum and difference output can be tested for overficn and 
underflow respectivety and» based on the teste a skip cf one 
instruction can be made. 


The 4-bit function box atse pravides for the selective testing of 
one of the bits of a four~bit group and relative branching tased on 
the result of the test. A skip of one instruction based on the result 
of testing on a combination of up to four bits in the group ts atse 
provided. 


BICNe KYCNe XYSTs FLCN» and INCN are not actuatly registers but can 


be sourced as if they were. They can be changed only as a restlit of 
changing the condition which they reflect. 


Se4 Me INSTRUCTIONS 
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3e4e1 REGISTER MOVE 


{ OP . $ SOURCE § SOURCE 4 DESTINATION & DESTINATION 1 


FORMAT: #4 COOE #€ REGISTER 1 REGISTER # REGISTER ! REGISTER ] 
$0001 § GROUP #@ & GROUP # 1 SELECT # 1 GROLP # i] 
{ #0 -15 1 Qeeoed 1 Dee 3 1 0.2015 ] 


eee DSSS QsTanen ovr aagnseaea ee onoewee 2828 8H BHWE DEH 2VDNBDDA NNSA BO OGoGo OT Ee GGG BSE Hs 


Move the contents of the source register to the destination 
register. If the source register is smatter than the destination 
register» data are right justified with left Cmost significart) zero 
bits supptted. If the source register is larger than the destination 
register» data are truncated from the left. 


The contents of the source register are unchanged untess it is atso 
the destination register. 


Exceptions: 


1) When ™ ts used as a destination register in RUN» STEP» or TAPE 
moder the operation is changed to a bit70R which modifies the 
next micrortoperation. It dees not modify the instruction = as 
stored in either the cache or the S*memory. . 


2) CMND is excluded as source register. 


3) BICN» FLCNe XYCN» XYST» INCNe CSWs SUM» CMPX» CMPY» XANY» XECY> 
MSKXe MSKYer XORYs DIF Fe.” MAXS»s and U are exctuded as destination 
registers. 


-&) When CATA ts designated as a sources CMND and DATA are exctuded 
- as destinations. 


5) U is. exctuded as a source in STEP mode. 


6) FUV0 & 5 Cxclided @Qs Ww SAE rag (ster. 
30462 SCRAYTCHPAD MOVE 
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FORMAT 


Move 
(regis 
data 1 
suppti 
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§ OP { RGSTR ¢€ RGSTR &€ OLRECTION @ SCRICHPOD & SCRICHPO 3 
s § CODE § GRP #* & SLULCT# £0 TO SCRICHPD ! WORD 1 WCROC t 
1 0010 8 Os0015 € 06003 § 1 FROM $ OWLFY WROD ff ACORESS 1 
t i . t t SCRICHPO § LRT WRD ft 0.46215 { 


the contents of the register. CSCRATCHPAD) to SCRATCHPAD 


ter). If the move is between registers of unequal lengthse the 
s right justified with left (most significant) zerc bits 


ed or with data truncated from the teft» whichever is 


appropriate. 


The contents of the source register are unchanged. 


Except 


ions: 


1) 


2) 


3) 


4) 


5) 


30463 


When M is used as a destination registers the operation is 
changed to a bitwor which gsodifies the next micror-ocperaticon. It 
does not modify the instruction as stored in either the céeche or 
the S-memory. 


CMND is excluded as source recister. 

BICNe FLON» XYCN» XYST» INCNs CSW» SUM» CMPX» CMPY» XANY» XORY> 
XE0Y» MSKXe MSKYe DIF Fe MAXS» and U are exctuded as destination 
registers. 


U is excluded as a source in STEP mode. 


TIME is excluded as SOURCE or SINK. 


SHAP F WITH DOUBLEPAD WORD 
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« oP { DESTINATION #1 SOURCE 4@-B8IT ¢ 
FORMAT: § CODE { 48-B8IT & SCRATCHPAD i 
# 0000 O112 § SCRATCHPAD #¢ WORD | 
{ 1 WORD { Oee01S { 
{ ( 0e00lS ( ‘ 


Move the contents of the FA and F&eregisters to a holding recister. 
“Move the contents of the feft and right word of the source scréetchpad 
word to the FA and FBSerregister respectively. Move the cortents cf the 
holding register to the left and right word of the destinaticn 
scratchpad word. 


30404 STORE F INTO OOUBLEPAD WORD | 


t oP { SCRATCHP AD i 
FORMATS & CODE {1 WORD ADDRESS $ 
{ 0000 0000 0100 § 0.4215 t 


RG RABE NH EBB BESSA SHEA WSASTHAVWAS 4ST BAD 


Move the contents of the FA and F@-register to the Left and right 
word respectively of the designated scratchpad word. 


The contents of the source registers are unchanged. 


344.5 LOAD F FROM DOUBLEPAD WORD 


POSED ADREDHEAARBEREADEH DAS Ee ee eae awa n ee 


§ OP § SCRATCHP AD ' 
FORMAT: & CODE ' ¥ WORD ADDRESS ? 
£ 0000 0000 0101 & 0..-15 t 


Move the contents of the teft and right word of the designated 
seratchpad word to the FA and F8-register respectively. 


The. contents of the source registers are unchanged. 


30466 MOVE 8-B81T LITERAL 
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# OP 1 DESTINATION # LITERAL 2 


FORMAT: # CODE 1 REGISTER t i 
#1009 % GROUP & 10202255 1 
i 1 O.0015 1 i 


BRR SSB HBR SEH VNSDANSR BSEHSS BHBE BMS OGG BH 


Move the 8@-bit titeralt given in the instruction to the destination 
register. If the move is between registers of unequal tengths» the 
data is right justified with tleft (most significant) zerc bits 
SUpDEN eds (le register select number is assumed to be 2. 

3 Moc Te TINIE - tgs ter al FesSélh yn Yt. Fr7E bs 
Exceptions: réset 7a 2ern _ 


1) CSW is exctuded as destination register. 


2) When ™ is used as a destination registers the operation is 
changed to a bitvor uhich modifies the next micro instruction. 
[It does not modify the instruction as stored in either the cache 
or the S*memory. 


3e4e7 MOVE 24-81T LITERAL 


{ oP { DESTINATION 1 24-B1T LITERAL 1 


FORMAT: § CODE 1 REGISTER 1 Ovee MAX 4 
1 1001 # GROUP # ' i 
4 1 Ose015 4 ! 


Move the 24-bit Citeral given in the instruction to the destination 
register. If the move is betneen recisters of unequat Lengths» the 
literal is truncated from the as Ss register select numter is 
assumed to be 2. | | Moye pp TIME - pater ell 


| re ) Tre JIE ios 
Exceptions: ul? in THE Po yeset fo Ber5 


1) CSW and M are excluded as destination registers. : 


324.28 SWAP MEMORY 
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i oP 1 REGISTER # t FIELD 1 MEMORY ! 
FORMAT: & CODE 100 = X i DIRECTION 1 FIELO 1 
4 0000 0010 1 OL = Y 10 - POSITIVE ¢ LENGTH 1 
{ | i102 7 1 tf = NEGATIVE 1 0.6224 1 
i Fab ee ' i { 


Swap data from main memory with the data in the specified recister. 
If the vatue of the memory field is less than 24» the data from memory 
is right justified with left (most significant) zero tits supplied 
white the data from the register is truncated from the left. 


Register FA contains the bit address of the memory field while the 
fietd direction sign and field length is given in the instructicn. 


If the vatue of the memory field length as given in the instruction 
is zero» the value given in CPL is used. 


30409 READ/WRITE MEMORY 


1 OP § DIRECTION { COUNT 1 RGSTR # @ FIELO 1 MEMCRY 4 
FORMAT: & CODE ¢ 0 to RGSTR ¢ VRNTS # 90 t OFRECTICN f FYELD f 
| @ OLLL § £ TO MEMORY 4 Oeeoe? 3 01 10 = POSITIVE t LENCTH 1! 
{ { { t 10 f 1 * NEGATIVE § 0.2.26 1 
{ ( 1 ae § { | { 


AD DD SE EM HHH DS OEP SSEVSESSE FGFS*COGS*SRBOVA DA SBS OVASBR STAN HSS GSKA GBT BHBO teense aunsnve ws 


fm ag << 


uouaon ob 


Move the register*s (memory®s) contents to the memory (register). If 
the value of the memory fietda Length is tess than 24% the daté from 
memory is right justified with tleft Caost significant) zere bits 
supptied white the data from the register is truncated from the left. 


The contents of the source is unchanged. 

Register FA contains the bit address of the memory field white the 
memory fietd direction sign and memory field length ts given in the 
instruction. 


If the vatue of the memory field length as given in the instruction 
is zeroe the vatue in CPL is usec. 
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Memory fietd tength values Cor CPL vatues if MFL = 0) of 25 enc 26 
are truncated to the vatue 24. When used on a WRITE operatiore the 
value 25 causes atl error Logging and reporting to be sucpressed. 
Correct» from an ECC point of views data is written tnto memory. when 
used on a WRITE operations the vatue 26 causes the same action <~s_ the 
value 24. 


For a description of the count variantse see Section 3.44.10» COUNT 
FA/FL. ; , 


304.10 COUNT FA/FL 


7 OP § COUNT 1 LITERAL 
FORMAT: § CODE t VARIANTS € O--e31 1 
#0000 0110 1 0.4.7 1 1 


Increment (decrement) binarity the designated register(s) ty the 
value of the titeral contained in the instruction or by the value of 
CPL if the vatue of the literal is zero. 


Neither overflow nor underflow of FA is detected. The vatue of FA 
may go through its maximum value or its mininaum vatue anc wrap éerounde. 


Overflow of FL is not detected. The vatue of FL wilt go throuch its 
maximum value and wrap around. Underftow of FL is detected anc wilt 
not wrap around. The vatue of zero is teft in FL. 


“Literal values Cor CPL vatues if LIT = 0) of 25 through 21 are 
truncated to the vatue 24. . 


Count variants are as foltons: 


V = 000 NO COUNT 
O01 COUNT FA UP 
010 COUNT FL UP 
O11 COUNT FA UP ANC FL DOWN 
100 COUNT FA DOWN AND FL UP 
101 COUNT FA DOWN 
110 COUNT FL OCWN 
111 COUNT FA DOWN AND FL DOWN 
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3e4e11 SCRATCHPAD RELATE FA 


' oP f RESERVED #f SIGN OF § LEFT SCRATCHPAD 3 
FORMAT: % CODE i { SPAD WORD # WORD ADDRESS { 
40000 1000 § |= 000 f OF FOSITIVE 4&4 0.2.15 4 
i ‘ § L°NEGATIVE § t 


Replace the contents of the FArregister by the binary sum cf the 
FAeregister and specified scratchpad register. 


o 


Neither overflow nor underftow of FA tis detected. The vatue of FA 
may go through its maximum vatue or its minimum value anc wrap around. 


364-12 EXTRACT FROM REGISTER T 


2GBen a OSB ED BWRDAE BHA BE SHEEAHEDBBSESARSAMESENBANBDSHSERSABSEH OES @ 


4 OP f ROTATE t DESTINATION ¢ EXTRACT 1 
FORMAT: ! CODE # BIT COUNT ? REGISTER 1 BIT COUNT 1 
f 1011 3 040624 1007 X 1 Osae24 t 
{ { 1o1- Y¥ i | 
‘ ! #10 - T t 1 
‘ Pit 7 4 


Rotate register T left by the number of bits specified anc then 
extract from the right the number of bits specified. Move this result 
to the destination register supplying Left most (Cmost sigrificart) 
zero bits if the extract count is less than 24. 


The contents of the source register are unchanged unless it is atso 
the destination register. 


A rotate vatue of 24 is equivalent to 0. 


3e4e13 SHIFT/ROTATE REGISTER T LEFT 


54 


PAGE 


BURROUGHS CORPORATION COMPANY, CONFIDENTIAL 


COMPUTER SYSTEMS GROUP M-PROCESSOR=3 

SANTA BARBARA PLANT CeDeSe #2215 9891 

a oP 1 DSTNATN & DSTNATN 12 S/R VARIANT & S/R t 
FORMAT? @ CODE § REGISTR @ REGISTR #1 O = SHIFT ! BIT cCunT 

$ 1010 &! GROUP # 8 SELECT# ¢ £1 = ROTATE &f 042-24 i 

| | 0.20015 | Oaae dS { | F t 


SHIFT CROTATE) Register T left by the number of bits spacified and 
then move the 24-bit resuit to the destination register. If the move 
is between registers of equat tengths» the data itis right justified 
with data truncated from the left. 


The contents of the source register are unchanged unless the source 
register is atso the destination resister. 


Zero fiit on the right and truncation on the left occurs fcr the 
SHIFT operation. 


If the vatue of the SHIFT/ROTATE count as given in the instruction 
is zeroes the vatue given in CPL is usea. 


Exceptions: 


1) khen ™ is used as a cestination register» the operation. is 
changed to a bitror which modifies the next micro-cperaticn. It 
does not madify the instruction as stored in the memory. 


2) BICNe FLCNs XYCNe XYST» INCNe CSHe SUM» CMPX» CMPY» XANY> XEQY» 
MSK Xe MSKY» XORYe DIF Fe MAXSe and U are exctuded as destination 
registers. 


3) | 
TME as « sik will pveseh Trae Fo 2erp 


3e4e14 SHIFT/ROTATE REGISTER X/Y LEFT/RIGHT 


1 OP § S/R t L/R 1 xXsY t S/R i 
FORMAT: ¢ CODE 1 VARIANT @ VARTANT & VARIANT 2? 8I1T { 
#0090 0100 §€ J"SHIFT $$ OMLEFT € OX REG # COUNT 1 
i { L-ROTATE § I= RIGHT & 17Y REG t 04.224 3 
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SHIFY CROTATE) Register X or Register Y Left Cright) by tne number 
of bits specified. 


Zero fil£ on the right and truncation on the teft occurs fer the 
left shift. Zero fill on the teft and truncation on the right occurs 
for the right shift. 


304015 SHIFT/ROTATE REGISTERS XY LEFT/RIGHT 


BES DOMED DRED SOB OBER SEESHS BDHAHBE OOO BABDASH*EBHEBD_EASES & 


{ oP S/R . { L/P t S/R { 
FORMAT: &@ CODE { VARIANY % VAREANT # BIT i 
4 0000 0101 @ O=SHIFT € OTLEFT &€ COUNT 3 
1 f LeROTATE §€ LRIGHT § 042-48 3 


SHIFT CROTAYE) Register X and Y Left (right) by the nugsber of bits 
specified. The register X is the teftmost (more stgniftcant) helf of 
the concatenated 48*bit XY-register. 


Zero fill on the right and truncation on the teft occurs fcr the 
teft shift. Zero fill on the left and truncation on the right occurs 
for the right shift. 


53e4016 NORMALIZE X 


4 oP t 
FORMAT: @ CODE { 
£90000 0000 0000 0011 ! 


SHIFT the X-register teft white counting FL downe untit FL=C or 
until the bit in X referenced by CPL = Ll. Zeros are shifted into the 
rightmost end of X.« 


references 


Ni 
= 


CPL = 1 references the rightmost bit of X while CPL = 
the teftmost bit of X- CPL = 0 is undefined. 


3Be4e17 READ/WRITE CACHE 


f OP CODE { FORCE PARITY § VARIANTS 1 
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FORMAT: 8 ! INTO KEY STORE ¢ ' 
4 0000 0000 O111 1 0 = GOCD { 1 
i | i 1 = BAC { Oseesial-3% 


The following variant codes cannot be implemented by the orogrammer: 


000 CONSOLE WRITE A 
001 CONSOLE WRITE 8B 
010 CONSOLE READ MICRES 
Oll CONSOLE READ KEYS 
100 NOT ASSIGNED 


The programmer should only execute these variant codes: 


101 OLAGNOSTIC WRITE 
110 OLAGNOSTIC REAO MICRO 
Li DIAGNOSTIC READ KEYS 


VARIANTS: 


000 WRITE FROM CONSOLE ONE WORD INTO BLOCK A. 


Write one words 17 bitse from the console switches 
cachee The 17 bits are defined as fottouwss 


16 15 


CSK +4 RHAHAEARARARSOBAHHSDNA HDSSHE OAH HNDHAMDANBHABHM 2D 


POSITIONS 4 PARITY ‘ 16 BIT HKORD TO CACHE ‘ 
i BIT* { t 


Cee ee 8 ee ee SO 


* ODD OVER 17 BITS 


(CSW) into the 


The A-register is used as the address into the cache. The A-register 


is interpreted as fottows: 


A-REG 21 14 13 6 5 4 


SG OD OP OE OD Ob ER HE EOE GE GE CD GH OF @ OO O82 SE EE EAP OS OD GO) GH OD 


BITS aseKeY 4 INDEX ‘ WCRD t 


MWDAADBABAESE RHEE DARE NUTONE DBEHR EEDWH OH 


The Key Store A is written with KEY (CA) and 


overrides the LRU» writing tnto Block A regardless o 
changed as a result of this write operation. 


57 


the VALIDITY (CA) 
indicates a presence of a vatid micro (C(vatidity bit = @ inotcates 
presences vatidity bit = 1 indicates not present). This micro 


f LRL. LCRL is not 
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The A-wregister is not incremented automaticatly by this crerattion. 
However» hitting the console “INC A*™ button wilt cause the Arregister 
to be incremented by 1 in bit position 04. 


VARIANTS: 


agaeaeeaun ene @wem 


001 WRITE FROM CONSOLE ONE WORD INTO BLOCK B. 


This is the same as variant 000 except the word is writter into 
Block B instead of Biock A. ; 


010 READ ONE WORD FROM THE CACHE TG THE CONSOLE LIGHTS. 


The word in cache is addressed by the A-wregister. [It is that word 
which is located at the at the associative match of the key as pfointed 
to by the index. The validity bit for that key must atso be fatse. The 
selection of the one word in the four-word block is determinec ty bits 
04 and 05 of the A=register. 


There must be a comparison or HIT of the key (8 bits) ard the 
validity bit C1 bit). If there ts no associative match (CMISS)» then 
att zeros will be sourced from the cache. 


The LRU bit tis set to the state representing the btock which was not 
selected. ; . 2s 


The data word in cache is 17 bits» 16 data and 1 parity. There is no 
parity check on the data read from cache since the data ty=passes the 
M-register. Howevers there is a parity check on both keys A and 8. 


The Arragister is not incremented automaticaily by the operation. 
However» hitting the console “INC A*® button wilt cause the A-register. 
to be incremented by 1 in bit postition 04. 


O11 READ CACHE KEYS TO THE CONSOLE LIGHTS. 
The index portion only CBits 6°13) of the A-register ts used es the 


address to read the keyse This is a nonassociative read. The consote 
Lights witt contain the following data: 


23 22 21. 20 19 18 11 10 9 8 t 0 
1 § ot HIT WHIT 1 8 4 KEY #VALIDITY 1 A VKEYEVALIOTTY! 
{LRU DF BLOCK t BLOCK 4 PARITY & 8B 1 B t PARITY 1 A 1 A t 


i at Be ¢& A 4 i i ' ' 1 | 1 
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Nothing is changed by this operation. LRU» Asregister» Valicity and 
Parity bits alt remain unchanged. 


There wit be parity checks on both key fietds for parity errors. If 
an error ts founds PERPC2) will be set along with cCOC3) ard the 
console parity error tanp. | 


101 DIAGNOSTIC CACHE WRITE 


The FArregister contains the address to write into cache as cefined 
below: 


RM NSE BD OBESE EG SMH DMHERE RE SASORBAGQAREAR EN AHRAEOESGDOANDGSOBBHASA LE a2 @® 


L-REGs 0 4¢4ti i KEY { INDEX i +s ! 


OEM ODES DD BH BD BEBE SEROE SORES ADH HAKDMNESEBAOADEOH 2 RDWSZBH TOL EBS 


23 22 21 14 12 6 5 0 


The low order 6 bits and high order 2 bits are ignorec. CRU 
determines which block to write into. LRU does not change as a result 
of this operations it can atso force either good/bad parity into the 
cache key. . 


Four 17 bit words are written inte cache. Yhey are: 


X -* TO WORD 9 
Y - TO WORD 1 
T = TO WORD 2 
ti - TO WORD 3 


The 17 bits are 16 data bits and 1 odd parity bit on 17 bits. The 
format its: 


XeVoTots § SA/S7/4/ 4 OP 8 DATA i 


23 17 16 15 . 0 
The sequence of operation is? 
1) Save Ape 
2) FArregister to A*register> 


3) Write X-register to cache» word D0 wWrite teyCA to cache 
CKey)s Set. vatid bit in key Generate and write parity in key» 
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4) Write Y-register to caches word 13 

5) Write Teregister to cache» word 23 

6) Write Leregister to caches word 3. 

7) Restore A-register. 
NOTE: The key information is the same for att write accesses. 
110 DIAGNOSTIC CACHE READ DATA 


Read one word (16 data bits» 1 parity bit) from cache to the 
X-register. . 


23 22 21 14 13 65 4 3 0 


 FAMREG ft 4/44/47 @ KEY ff ENDEX € WORD 8 S444 1 


ee GS OBO NBDWH BOBBED BEALS BESS ARDS BEST SOSDBSASSA DUAR BSESD @ @ DS 


The FArregister contains the address of the word in cache. This is 
an associative read where the read occurs in ene block where the valid 
bit is fatse and the keys match. 


The LRU ts set to the block uhich was not selected if there is a 


The dave word in cache is 17 bits» 16 data bats 1 parity. 
The sequence of operation is: 
1) Save Arregister >» 
2) Move FA-register to A-registers 
39 Read cache to X-register (17 bits)» 
4) Restore A-register. 
If there its a MISS» then ail zeros will be read from the cache. 
There is no data parity check on this Read since the data ty-passes 


the M=register. However» there is parity check on both keys A ard 8. 


111 DIAGNOSTIC CACHE READ KEYS 
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Both keys» valid bits parity» and hit status in additicn to tre LRU 
is read to the X-register. The format of the data in the X-register 
iss 


23 22 21 20 19 18 Li 10 9 8 1 O 
X*REGSi Lt 0 € HIT ft HIT 8 8 {KEY VALID @ A TKEYEVALIDI 
TR 1 {BLOCK IBLOCK *#PARITY §¢ 6 & 8B $PARITY! Ad A 3 
# Uf 4 8B t oA t ( 4 i ‘ ‘ { 


The FArregister is used to deteraine which keys to reace The 
FAsregister format is the same» but onty the index portion is 
meaningful. 


23 22 21 14 13 65 0 


FATREG?: &£§ SSS 4I4 8 AAAI : t sssssts % 
§ S444 {1 /CKEY)/ 3 INDEX 1 shtstts &§ 
@ sds i Ae i oe | 9 sss A 


This is a non-associative reade Nothing in the cache is changed as a 
resutt of this operation Cinctuding the LRU). 


The sequence of operation is? 
1) Save Ap 
2) Move FA-register to A-registers 
3) Move Keys Cetc.) to X=registers 
4) Restore A. 


If there is key parity errors PERPC2) and CDC3) wilt be set. 


304018 CALL 


# OP ! DISPLACEMENT * DISPLACEMENT ft 
FORMATS # CODE t SIGN { VALUE { 
{#1211 #§ O=POSITIVE t 04224095 4 
1 1 L=NEGATIVE i i 


PAGE 
BURROUGHS CORPORATION COMPANY CONFIDENTIAL 
COMPUTER SYSTEMS GROUP M-PROCESSOR=-3 


SANTA BARBARA PLANT EeDeS- #2215 9891 


Push the address of the next in-line microcinstruction into the A 
Stack and then fetch the next smicro~instruction from the location 
obtained by adding the signed cisptacement value sciven in the 
instruction to the address of the next in-line microcrinstructior. 


A displacement vatue indicates the numder of 16-bit words. 


Note: When the A Address is stored in the A Stack» it is muttiptlied 
by 16 and stored as a bit adoress. 


Notes Exit is accomplished by employing the REGISTER MOVE 


instruction with the TAS as. the source register and A és the 
destination register. 


304219 BRANCH 


{ OP 4 DISPLACEMENT § DISPLACEMENT $ 


FORMAT: # CODE SIGN { VALUE ' 
© 110 F O=POSITIVE 1 04224095 ' 
{ f 1=NEGATIVE ‘ ' 


SEO KB Sea OQ Oe Oe eaeaaegeneGe ae? © BFE 2D w®W 
\ 


Fetch the next atcrocrinstruction from the tocation obtairea by 
adding the signed displacement vatue given in the instruction to the 
address of the microrinstruction next*ineline. 


A displacement vatue indicates the number of 16-bit words. 


324.20 BIAS 


OER MMEE OWE OES SOBEL BLABDSNSBSOS CBO ADARSSOSNSBFABAS SF CEs @OOEBWSE HBAS & 


i sop { VARIANTS @ TEST CPL NEQ O FLAG § 
FORMAT: # CODE i £0- NO TEST d 
1.0000 0000 0011 8 Oeee7  € 1 = TEST CPL RESULT 1 


DOES AMMEM SH KEOLS HSHSHRSAVBSOEANASA SBGHS ASO ADSO RAE S*SSS*ASVSVSSA SeWSHB EES Ee 


Set CPU to the vatue 1 (01) if the value of FU is 4 or 8 and to 9 
(00) otherwise» unless V = 2. If V = 2» the CPU value is determined ty 
SFU in tieu of FU. 
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Set the vatue of CPL to the smatltest of the values denoted ‘ee each 
line in the following table. . 


VALUES 

FU 

24 and FL. 

24 and SFL 

24 and FL and SFL 
CPL 

24 and CPL and FL 
CPL 

CPL 


NOU PWNM OLE 


If test flag equais 1 and final vatue of CPL is not zero» the next 
16“bit microc-instruction is skipped. 


Se4e21 SET CYF 


1 oP $ VARIANTS ¢ 


FORMAT: !§ CODE . 4 t 
| £ 0000 0000 O110 8 120428 1 


Bee SEO SESS BSG OW eeeeaed Saabs 2a aes nee ae 


-$§et the carry flip-ftop as specified by the variants. 


V=i Set CYF to 0 
2 Set CYF to t 
4 Set CYF to CYL 
8 Set CYF to CYOD 
Note CYO = 


CX<¥) # CX=YICYF. 


3e4e22 4n-dTT MANIPULATE 
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BME MNRE BHO EAE OS ONSEN OOHRS BEES SAD SSOBDOSNADABSH EOD 2SEOQAEH EOE @ 


« OP 1 REGISTER § REGISTER ! VARIANTS @ LITERAL 1 
FORMAT: € CODE @€ GROUP # & SELECT 4 & | t 
8 0011 $ O«ee15 § Owl 1 0.207 § O.2215 1 


Perform the operation specified by the variants on the designatec 
register. 


Vv = 0 Set the register to the vatue of the literal. 


1 Set the register to the Logical And of the register and 
literal. 


2 Set the register to the logical Or of the register and 
literal. 


3. Set the register to the toagiticat Exctusive-Or of the register 
and literat. 


4 Set the register to the binary sum (Caodulo 16) cf the 
register and literat. 


45 Set the register to the binary sum (Cmoduto 16) cf the 
register and literal» and skip the next MeInstruction if a 
carry ts produced. . 


6 Set the register to the binary difference (modulo 16) of the 
register and titeralt. 


7 Set the register to the binary difference (modulo 16) of the 
register and titerat» and skip the next Instruction if a 
borrow. is produced. 


Exception 


BICN»s FLCN» XYCN» XYST» and INCN»s when specifiec as cperand 
-registers» are not changed as a result of this operation. However» the 
carry and borrow outputs are produced and a skip can result. 


304023 BIT TEST BRANCH FALSE | 
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1 OP 9 REG { REGISTER | REG  ¢ DSPLCMNT # DSPLCMAT 8 
FORMAT? 1 CODE & GROUP # § SELECT # ¢ BIT # 1 SIGN ! VALUE { 
4 OL00 1 OeeelS § Oncol t Ooee3 t O-POS { Oeee15 1 
t 1. \ , 1 1-NEG i ‘ 


SOOO H AOE SEE C24 F OWES BHOOAE OHS THOENDBER OHHH WSNRR BAO ASOE GAGA HEF LASe® 


Test the designated bit within the specified register and branch 
relative to the next instruction by the signed displacement vatue if 
the bit is zero. If the bit is onee a displacement vatue of zero is 
assumed and control passes to the next instine Minstruction. A 
displacement vatue indicates the nusber of 16-bit words from the next 
in-line instruction. 

See Section 3.1.13 for information on the ceset of bits in the 
Ceregister. . 


3e4e24 BIT TEST BRANCH TRUE 


i oP $$ RGSTR  & RGSTR { RGSTR § DSPLOMNT  ¢ DSPLCKNT 1 
FORMAT? ¢ CODE # GROUP # &¢ SELECT # @ BIT # # SIGN 1 VALUE ' 
1 0101 F DeeelS 8 Osoal I Osee3d @ O-POSITIVE 1 024.15 1 
! 1 t ‘ ( 1“NEGATIVE 1 1 


Test the designated bit within the specified register anc branch 
retative to the next instruction by the signed displacement value if 
the bit is one. If the bit is zeroes a displacement value of zerea is 
assumed and controt passes to the next in-line Meinstruction. A 
displacement value indicates the number of L6"bit words from the next 
inetine instruction. 
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See Section Selel3e2s CA» CBs» CC» CDs for information on the reset 


of bits in the C-register. 


3.4.25 SKIP WKHEN 
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¢ oP tf REGISTER § REGISTER &@ VARIANTS § MASK t 
FORMAT: & CODE 1 GROUP # % SELECT &8 1 Over? 1 0...215 1 
# O110 8 024615 1 Docent 3 i { 


Test onty the bits in the register that are referenced by tke "1" 
bits in the mask» ignoring alfl others unless V = 2 or V = 6. If So» 
compare att bits for an equat condition.~j Then perform. the action a¢$ 
specified below. 


v= 0 If any of the referenced bits is a “is skip the next 
H-instruction. 


1 If alt of the referenced bits are “"1"» skip the next 
M-instruction. 


2 If the register is equal to the masks skip the next 
M-instructton. SKIP GLOSS 3=Same as V = 1» but aiso clear 
the referenced bits to zero without affecting the 
non-referenced bits. 


4 If any of the referenced bits #3 a “1%» do not skip the next 
M-instructione | 


5 If att of the referenced bits are “1% do not skip the next 
M-instruction. 


6 If the register is equal to the mpaske do not skip the next 
instruction. 


7 Same as V = 42 but also clear the referenced bits tc zero 
without affecting the non~referenced bits. 


Note: If the mask equats 0000» the "ANY" result is false. The skip 
is not made for V = 0 and is made for V = 4.2 If the mask equals CG00- 
the “ALL* result is true. The skip is made for V = 1 and V = 3 éne is 
not made for ¥ = 5 and VW = 7. 
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1). 


2) 


304.26 


FORMAT 


BICNs FLCNe XYCN» XYST» and INCN cannot be cleared with V = 3 or 
Ve Howevers they can be testec. 


See Section 341-13 related to the reset of bits in the 
C-register. 


CLEAR REGISTERS 


OBS OBER SESE BE BOR OBAR © 2S OC HOBHDHSe €SGOLVHBOED DEED EAD AEG 


« OP ' REGISTER FLAGS ‘ 
= € CODE Q | 8 BITS | 
#0000 0018 1 tL 3 Te*eYeXsbrireracea 
i t § | | @atttutepa 


EOE SD @ 8 OE BS OSB BS OSE 424K OS BS ASEH E2HEVINASMSESESBWESOSOTSVSRS 2S 


Clear the specified register(s) te zero if the respective fleg bit 
is a one. . 


304027 


FORMAT 


BIND 


2 # OP CODE t 
t 0000 0000 0000 0100 1 


Move the 24-bit sum of the Ll and Teregisters to the A-recister. 


Since 
24-bit 


324.28 


the A-register is 18 bits» the lower 4 and upper 2 bits cf the 
sum are tost. 


OVERLAY M-MEMORY 
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FORMAT: #1 OP CODE ' 


t 0000 00900 0000 00106 1 


Overt ay M=-Memory from main memory. In this machines this operator 
wilt be interpreted as a No~operation micro (3.4.32). 


324029 DOISPATCH 


; t op t VARIANTS € SKIP VARIANT ] 
FORMAT: & CODE # OOO"-LOCK CUT t O-SKIP IF | 
€ 0000 0000 0001 € OOLMWWRITE LOW § ALREADY LCCKED 3 

4 1 OLO-READ . # ©L-SKIP IF AOT i 

q €@ OLI-READ & CLEAR & ALREADY LCCKED 3 

| @ 1L100°WRITE HIGH t CApptlies only A 

| 8 LOL-PORT ABSENT ¢ to Lockout t 

| t . | vartant) t 


Dispatch operations are used to send/receive interrupt and interrupt 
information to/fros other ports. 


Since the interrupt system is shared by att portse the erocessor 
should gain control of the interrupt systes by successfully comcleting 
a LOCKOUT prior to a OFSPATCH WRITE. | 

LOCKOUT sets the lockout bit in the DESPATCH Register and allows, 
via the skip variant» skipping or not skipping the next 16-bit 
instruction based upon success or failure Catready set) of the 
LOCKOUT. 


WRITE CHigh or Low) DISPATCH sets the Lockout and Interrupt flip 
flops in the port interchangee It also stores the contents cf the 
L-register into memory 0 through 23 and the contents of the teast 
stqnificant 7 bits of the Teregister (designating the destinaticn port 
# and channet #) into the appropriate port interchange register. In 
addition» it sets (Write High) or resets (Write Low) the high 
Interrupt flip flop in the port interchange. 


READ DISPATCH stores the contents of semory locations C through 22 
into the L-eregister and the contents of the Port Channel register into 
the least significant 7 bits of the Teregister. The other 17 bits of 
the Teregister are unaffected. 
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READ AND CLEAR OISPATCH tn addition to perforasing the READ DISPATCH 
operation clears the tockout flip flop» the two interrupt fiip flaps 
and the Port Device Absent flip flop in the port Pare cong It does 
not clear any memory locations. 


PORT ASSENT is executed by the processor when necessary to return a 
Port Device Absent tevel signal to another port indicating the sbsence 
of the designated channet.. 


Dispatch operations in the case of direct connect to memory are 
Cinited to the followings | 


¢ 


1) LOCKOUT: Always eKing: 


2) WRITE LOW: Always sets Port Device Absent tievel true (Ctrue 
indicates absence). . : 


3) READ & CLEAR: Always sets the Pert Device Absent Levelt false 
Cfatse indicates present). 
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BbSAMND IPH FI 


Gi, CG 


LAO CE ID p ZW CAD 


Mok 04 L470 


Dwell. t 


etait cred 


ik eee 2 D. 


“FIGURE 31 DISPATCH 


BOSMOPH1 


2 =DISPMATCH MICRO (04-415) 
MOPO2ZN80 =: M02 
MOPOLBNO =: M01 
DNNMs.eHe & DONE MEMORY 
INC NO 2 «=9PORT LOCKOUT BIT 
INCNS 2 «PORT MISSING DEVICE BIT 
DRtCL.H. = DISPATCH READ AND CLEAR 
DWRLOHe. 3 DISPATCH WRITE LOK 
DLKOseHe = DISPATCH LOCKOUT SKIP 


aay 
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No changes occur in the T and t-registers. In the INCNereyister only 
the Port Device Absent bit can changee The Lockoutse the Interructs and 
High Priority bits will always be false. No other dispatch operations 
are defined. See Figure 31. . 


304.30 


“FORMAT: 


CASSETTE CONTROL 


PDE ORR ONES OSES DOSED G2EBDE OHSS BOBO NWB SESE ©OAGSe EOE ODS 


OP CODE € WARIANTS € 0 = Halt | 
0000 0000 0010 1 OeaeZ7 1 2 = Skip | 
{ 1 VAR 7 223607 1 


SE OED SEO HRNDODHASA OSES E DOS BOBSES OG HTD OG OAOHEBABASBA 2a 


Perform the indicated operation on the tape cassette. 


Start Tape 


TAPE 
(The 


abe 
<= “4 


Stop/Skip Tape (The processor also halts if it is 
. Stop/Skip Yape if X neq 
processor also hatts if it is in TAPE mode.) 


—Stop/Skip Tape if FA NEQ ER (The processor also halts if it 


is in TAPE mode.) 


' Reserved 


Reserved 


Stop/Skip Tape is X = ¥Y CThe processor atso hatts it it is 
in TAPE mode.) 


Stop/Skip Tape if FA = BR CThe precessor also halts if it is 
in TAPE mode. ) 


Notes Alt Stop Tape variants cause the tape to hait in the next 
available gap. 


3e4-351 HALT 
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FORMAT: # OP CODE ' 


4 0000 0000 0000 0001 $ 


Stop execution of the microcinstructions. In RUN mode the next micro 
to be executed is fetched and stored in the Me-register ard the 
A-register points to the next following micro. [In TAPE mode the next 
micro is not fetched and stored in the M-register and the HALT micro 
is not teft in the M-register. 


304232 NO OPERATION 


FORMAT: $9 OP CODE { 
# 0000 0000 0000 0000 1 


Skip to the next sequential instruction. 


324.33 HONTTOR 


FORMATS & OP CODE i. VARIANTS i 
§ 0000 1001 i 7 t'6415 464434 2104 


Skip to the next sequential instruction. 


During the time this microoperator is executing the operatecr and 
the last two bits €0 and 1) are decoded» AND-ed with the system clock 
and are present in the backplane as follows: 


MONITOR 0 Yrue for the OP Code 

MONITOR OORO True if fast two bits are 00 
MONITOR O12RO True if Last two bits are O1 
MONITOR O2RO True if fast two bits are 10 
MONITGR O3RO True if tast two bits are 11 


304034 NANO MOVE 


7 


? 
a 
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7 6 5 4 3 2 1 0 
t OP CODE a a | STOPPING 1 246 BIT 1 
FORMAT: ¢ 0000 1010 #4 A § SEQUENCE {NANO PORTION 8 
4 | | an a | NUMBER i 4 
VARS) 
0 = CONTINUE 
1 - ABORT 


The Nano Move micro affects the next micro to be executed. This 
micro is executed for one clock and its effect during this one clock 
is exactly like a notoperation micro as far as any action on éeny of 
the addressable registers. 


However» on the next micro following this nano mave micro» it witl 
stop sequencing on the sequence nuaber corresponding to the vatusa 
represented by 3 bits through 6. When the sequence number of the micro 
sequencer equals this stopping sequence numbers the MP-3 freezess 
except for shifting of the nanorregister to BR. The 24 bit naerostword 
portion caifed for in bits O°2 is shifted to @R. If the option is to 
aborts then once BR contains the proper nanosbits the nanocregister its 
cleared» and the next micro in sequence is executed. If the option is 
to continues then once 8R contains the proper nano bits» the 
Mano-register continues shifting until it reaches the orisinalt 
position. At that points the aicro execution resumes. In either 
options the originat contents of BR are Lost. Table 4 gives the number 
of sequence steps for each microinstruction. Table 5 shows which bits 
of the nanorregister are transferred toa BR as a function cf the 
Nnano~portion code. . Bit Nes es 


For a one sequence micros there wilt be no execution of that micro 
if it was preceded by the nanotmove micro and the stopping sequence 
nuaber was te If there was a two sequence micro and the stopping 
sequence number was 2» then sequence 1 woutd be coapteted and sequence 
2 would be examined and the bits shifted into BR. 


73 


PAGE 74 


BURROUGHS CORPORATION COMPANY CONFIDENTIAL 
COMPUTER SYSTEMS GROUP N-PROCESSOR=3 
SANTA BARBARA PLANT EsDeS. #2215 9891 


MICRO NUMBER OF SEQUENCES 


w 

oS 

gan 
a 


Ww 

m 

™ 
§ 


~ n 
rr} i] 
po ~~ . 
§ é 
pun fem Pee pet ing et BS pee mt et ind PS OT UT me ee ed ee fy et BO OD OT fe pet tet pee ee ed LS] fet fet pet pe ft po 


TABLE 4 = NUMBER OF SEQUENCES FOR EACH MICRO 
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321 0 t Nano Bits 


OE ann nauae | crrerrieregtnrrerrrer. 


000 9 i} 0 - 23 
| 

0001 ( 24: 7 47 
| 

0010 i £8 @- 71 
| 

0011 | 7106-95 
{ 

0190 0 | 96 - 119 
3 

0101 § £20 = 143 
a t 

01411 0 t 144 = 167 
< ] 

> | Undefined 
< | 
> t 
< | 
1iit t 


TABLE 5 
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3.4.35 QFAGNOSTIE READ/WRETE KERORY 


% 6 § & 3 2 i 86 


' GP CAbE (| BATA § TW I ( ( i EE€HE | 
FORMAT? § ( REG @§ SEGN 1 RES € M/E ET RAW EVAR Of 
(9000 sil t CObBE ft. { 1 1: { ! 


y 6 BATA EG CODE 
Usssas|seasavaveusese es 

0 @ 1 XSREGESTER 

O it ysREGESTER 

1 #6 f T*REGISTER 

1 1 { L*©REGESTER 


5 | TRANSFER WEB TH SEGN 


Seal etasusente sees ageageces 


§3 ( HEHORY 

aeaafaseveun 
0 { WENORY 
1 @ ECHG 


2 ¢ READ 
0 § READ MEMORY 
if WRITE KEKORY 


0 1 ¢ ECHO 
auaaaisaeee 
0 6 1 RESERVED 
O 1 8 WRITE DATA REGESTER 
1 60 ¢ ADDRESS REGESTER 
1 1 t ELOGS CLEAR 


OPERATIONS: 
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Ae WITH MEMORY OPTION AT MEMORY: 


1) WRITE 16 ¢ 6 CECC) BITS TO MESORY. Write witt occur on memory 
stack boundaries. FA points to the memory stack. Table 4 shows 
the rules for generating the proper 6 bit error correcting code. 
See Figure 33 for the write check bit formate Write deta is 
written from Xe Yo Ts or Leregister se 

2) READ 16 + 6 CECC) BITS TO X» Yo Teo or tLerregisters. FA is the 
address used to determine which memory stack to reade The i6 
bits are words from a memory stack and the 6 tits are the 
associated error correcting code bits. See Figure 33 for the 
code togic. 

23 18 17 16 15 | | 0 
READC22) $ CHECK: 8 an | DATA : ‘ 
| BITS 4 { { | 

23 18 17 =—s16 15 0 
WRITEC22) CHECK 1 0 #€ O ft DATA ‘ 
. ] BITS { | i 


-Be WITH MEMORY OPTION AT ECHO: 


1) 


2) 


3) 


READ ERROR LOG REGISTER (See Figure 32) AND CLEAR THE REGISTER 
The ELOG register clears prior to the next load of the ELCG. 
Therefore consecutive reads of the ELOG register without any 
memory errors will give the same results. . 


READ HRITE DATA REGISTER. This wit attow the processor tc read 
back the 22-bit write data resister for the key memory tibyte. 
The contents of this read are transferred to Xe» Ye Ts or 
L-registers. | 


READ THE KEY BYTE ADDRESS REGISTER. Read the key byte address 
register to Xs» Y» Te or Lrregister. The transfer width sign is 
only used to vary the contents of the key byte adress register. 


NOTE: The tower bits of FA wilt be tgnored. This is to ensure that 
onty memory stacks will be accessed. 
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ERROR REGISTER 


23 0622 21 20 19 18°12 11-8 7-6 5S 4221 =°0 
. | t 4 t | ( | { 4 i 
FORMAT: € 4 @ PU tf NU !' § € WRITE § $ BOARD 4 ROk € SYNCRCME 1 
i] q { § f i q { fl ¢ 
SYNDROME See Table 3 
ROW chip row of failure 
BOARD storage board which contain the failure 
WRITE the error described by bits 0-10 was the result of 
read or write operaticn 
WRITE = O» READ Operation 
WRITE = Ll» WRITE operation 
S a stngte bit error which had been corrected was detected 
4 there had been a duplicate of the Ss NUs or PU type 
error. Since the error tog can onty store inforration on 
one bits error data has been lost. 
NU the uncorrectable (mulitiplesbit) error was not a CPU 
accessed error 
- PU the uncorrectable error was a CPU accessed error 


FIGURE 32 ERROR REGISTER FORMAT 


ACTION 


REP ORF 124M E PRO 


REPORT MAM SIE EFROR 
REPORT MWIURTIPLE FREER 
REP CT NIMMGTH Lh FP Ok 


S¥A7 DROME 
PATIARN 


{e.¢ ¢ 


LURPL AD OS BPA CD 
va LAELIA Ke IT 


° 


te ae ae 


210 -0..0-0 £0. 


3)0 OOOL 4 
— 4100 Of OO} reute770€ Corn Cerro 


O00 4 Of] fucn anger Ferro FEROT MULTI FE EFKR UP 


RLO OKT MUTI PRP OR 


OOo! 1 O] even numarce 40 R 0K, REPORT MALT A/iE EPROL. 
0008 £ 1 wwerreae OB0 ELROR | PEPOFT WinGAk FRAC 


PRPOET Mu TI PLe FRR OR 


REOECI LT PAA TIPCE EL FOR 
CeRrPcecp B77 F 


OO NO O00) Many cRis C08 CARON) Ae COBT Pate rate Aree 


00 1 0 0 1] 4ven wumeer__LRs0R 


0-0 f| Dat ees, 8:70 260 | res Ctrl FAME 
; es. i a lc ae RS 
0 0 Ol Sven nerigee AAR. | FE PORT onyniele EPKOR 
: COLR ECT Ltr 2 
1 |2A72 Brrs, G7 2 FRR” LOE Sitigis” FLEE 
x Qoewein L4r 2, 
Ol 2AIA 8155, G172 Freon ARCDET Siow Pw, 
Vb LEVESAS A/WORR ERKU PELOLY AUT FRE OR. 


REPORT MAT PLL ERP CR, 


LEVEN. MUNIEER FRE | RELSOBT MIVLTIPLE FRE OR 


MYST IPG ODD. Ferre 


oe 


PIDIDM:DID10 OS 


1 O| Even wumterk ERROR PELE T  NIAT IP Ce KR Ue 
1 2 fA fs, a7 Bf ee On: See rh if a eee 
10 Ol Eves Nomase FRE OR ALT (aT MOAN LRP OK 
atch f © 4 9) q Mur rik e- Pin Pome RE ROEE PMU LL FPR OA 
22101 0 9 4 Ol rn wis, on coren |e he EE pwenns 
24/0 [| 0 4 4 | LUEN AeA ef RPO BALTES APMATIVIE ERE OP, 
et). tl O.6 0) evew womace earok | KEPORT MUTE & ERROR 
LAO 11 6 Off omn 205, curs conor | cee em ecin 
2610 ' t O 1 Of arta win, 2176 Face ee 
al oO ' 4 © ji AVE NM NM ef Ftk FUROR REMOR T MATE Len ER 
é t. Ost. 411060 LATA GrTo FUT Fo ERROR oe Mie 2, f 
29 | Pret os AiveN AUER EOLOR PEAT MDT PLE FPO 
3BO!'1O0 14 4 4 OO] even wurntee KKAP | Ki Lore NUTR EOP OR 
Oo 4 4-t 2 4 Chee ars. 8057 tf kK | KRiyper SNL SRLOR 


Ong 1] 


Acric 


SVPROMNE 


PATIERN 


REPORT MULTIPLE FRROE. 
REPORT MULTIPLE ERACE 


COLLECT #724, 
PELOLT FIN GLE LF PLOL 
REP OLT PEVLIIPLE FRROR, 
CRAE'T Bir D 


EIAAT SLE POR ER 
CCfFABCT er £0, 


REPORT MULTIPLE LK OR 


Canchecr arr 4, 
AE POL 37 a 422) © 


REPLOT MAT: PLE FREOR 


IN;Slolw 


rae 
re) 


REPORT MULTI PCE ELLCR 
Cole aecrm B4rF 22 


44 REPOLT Sia FOL 
45 REPORT MIVLTIPLE ERROR 
46); Of ¢ £0 EVEN MUMBER ERO? REPORT JAULTIPLE RBRRCL 
#7;O80f £41 CHECK BITS, BIF 2 ERROL REPORT SIiMGtLe FRAGR 
4eli' 00 00] even wemacn ELe0R REPORT NIULTIPLE ERROR 
coreactr BIT SS, 
4 3 ] { 2] @] 0 j DATA 8/95 AsT 13 FREVR, EPC LT SIGE SOL OR 
a P 
Sot tO C ¢{ OD] pares. rir ecece Peng eee ee 
Ss-2.13 00 9 Gb EVEN teurrene EPROLR PEPRT haUTHE FFROR, 
b 2 C ! A 7) DATA B78, BITS Eee Ci hk hacer ArT rs, 


LOST SMG GE OE 
EAE MATIC E EOF 


ir 


AEA NMUOCrAil. EF fe fk. 


PEPoRP MULTIPCE SERA. 


qn 


EVECY SUI CER FPP UR, 


» 4 QO i } CHAE (4675, LIT 3 LP Faye rr  fptielh FRR 


Oe ie 


MYLTI PLE CLY FRKER PAR LT ARVATIF LE EMER. 


EVE NMOMBER FRRCE ) Peprar Marin FRLOE 


Eve ss 


NIPPLE SE LF rCK REPL! Mate LPP 


CAE OK PBS, BIG LLP PEPCAr Sugce ERR 


EvEx, MINCE ERROR 


Chele 8°95, C17 § ad REPORT Swale ERA ba 
Or §& FANE: PEporr SVE ERL 08 


CHetK RTS, 


WO AcCrsual 
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RELATIONS BETWEEN CHElK 8175 Ato \IRITE DATA 
C1-C6: bheck bits; iA L - b:4 6 
%O- YI8: Write date. bifO -— btA IS 


(bit numbed a5 Seen in M1864 ) 
cr>f YOBUXUID X2 OB X32 © X4 © XS @ Xb ® N71 7 
c2= { 208 110 X20 x8 0 7 @ X08 x11 OXI2) / 
C3= $93 O X4O TED 1IDKOG 113 B UAOKIS} / 
c4= | 200 2) %6@X6OB YBO UMNO VEO U5} / 
sis i 41® 45 @ oe tI®O _ N12 & VIB ®x/S} / 


co= | tO X4O XEOXLT © X10 @ Xi2 © 19H x15} / 


FIGURE. 33A 


@EQeaneem 7) a" 


AC 
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RELATIONS BETWEEN SVWOROME BITS ANL READ DAIA 


S1-S6:! Sn Sroime bits; bt 4 - BIE 

yo - Yet: ee) data 5 bit 0 - bit ZL 

‘st= free We v2 ® Y3 ® 4 @ YS®@ V6 6 Y7 @ vis | 
$2= 5 Yo ® Y2® Y2@ YB OY YI0 8 YUO Vi2@ ve § 
sash 138 ¥4@ YEO Y9® YOO ViBBYI4O® YIBB YiBf 
S4ef YO® 130 56 Yb @ vee i 6 is BY HE 19} 
S52) y1 ©Y5®@ 17) Y9OYIO ma ¥i3 B® YI5 ® Yzo} 


S6= } ¥2 © Y4® ¥6 DYTO YO Yi2 © 4. B YI5® ¥ 23] 


FIGURE 338 
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ZA MSU | 
Write a 
data 
> 
NO-XIS P 
7O 
> CHECK BIT Chect MIEMOLY 
GENE RATOR. bits BOALD 
C1-CO6 
<——____{ Y0-Y15 oe 
os | ADEN OR 
: Syndrome HORED 
Coleec7Te | Je | 5 ‘ nid, ae EAD DATA 


FIGURE 33C 
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304-036 CLEAR CACHE 


FORMAT: € OP CODE | 4 
1 0000 0000 0000 0101 1 


This micro ctears atl of cache as contrasted to clearing parts of 
cachee In the key portion of caches the validity bit fs set tc ones 
data bits (8 key-bits) are set to zero» and the parity oft is set to 
zeroe In the microsstore portion of the cache» the operation is 
unspecified. The LRU bits are set te indicate that micro 8 has been 
accssed;s therefore the least recentty used storage is micro A. 


304037 INCREMENT A“REGISTER 


FORMAT? @ 0000 0000 0000 1000 § 


This command will cause the A~register to increment by tL. In the 
tape mode» since the Acrregister does not increment after each amicro> 
invoking this micro wiil cause the A-register to count up by 1. 


325 CONTROL PANEL OPERATIONS 


MCP=3 interfaces with Control Panel=4 (CP-4). CP-4 consists of three 
components: 


a) Diagnostic and Maintenance Panet (CO/M Panel)» 
b>) Remote Operational Panel COP Panel)» 


CC) Remote Cassette Tape Drive (Cassette). 


3.561 DELAGNOSTIC AND MAINTENANCE PANEL 


The D/M Panel contains the fotlowing components: 
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a) Register Select Switches 
b>) Register Group Switch» 
c) M-input Switches 

d) Interrupt Switche 

@) Load Switchs 

f) Halt Switch, 

g) Citear Switches 

h)> Start Switch 

i) Cassette Select 

j>) Increment Switch» 

kd) = Single/Continuous>» 

{) 24 Data Switches» 

m) State Light» 

n> Run Lighter 

PP) Error Light» 

QQ) Over Yerper ature Light» 
r) 24 Data Lights. 
SeSeleol 


REGISTER SELECT SWITCH 


PAGE 
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An eight position rotary switch providing three binary encocec lines 


indicating switch positions. 
toac/Display mode and the proper cotluan of the toad/Display Tabte. 


These 


tines 


switch positions are assigned as follows: 


4 Register 


Position | Seclect Lines ! 


{ 4 2 


1 ‘ 90 0) 


1 
Q 


Column 


are 


{ Selected 1! 


0 


used 


Mode 
Setected 


ic 


to 


select 


the 
The 


b4 
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2 ' 0 i) 1 1 1 ; 1C 

3 i 0 t o | 2 t 1c 

& ' 0 1 1 1 3 ; 1c 

5 ‘o4 0 o ft & i 2c 

6 | 0 1 1 5 ‘ 2c 

7 ‘1 ! of 6 1 MEMORY 

8 | 1 1 4 ? t NOT DEFINED 


The memory mode is further defined by the register group switch. 


3eSele2 REGISTER GROUP SWITCH 


A eighteen position rotary switch providing four binary encoded 
Lines indicating switch positionse Positions 17 and 18 are interpreted 
the same as position 1. These Binary encoded tines are used to select 
the proper row in the load disptay table. The switch positiors are 
assigned as fottows: 


f | Row ] . Memory 
Position ? 8 & 2 1! Setected # Mode 
ware eeneos | screws meen esac ee [ween ecne a | ww ewen emer aana eases eeaneeen 
1 ne) 0 9 0 1 0 1 Cache Block A Write Inc 1€ 
2 ta 0 0 1 8 1 ! Cache Btock 8 Hrite Inc 1€ 
3 « 9 0 1 0 I 2 # Cache Memory Read Inc 1€é 
4 4 0 0 1 1 f 3 ! Cache Key Read Inc 16 
5 ¢ 0 1 0 0 t 4 t Halt:Switch & A-reg equal 
6 t 9 t 60 1 1 5 § Halt? Switch & FAereg (Reac)? equal 
7 ' Oo 1 1 a 6 ft Halt:Switch & FArereg CwWrite) equal 
8 10 1 A 1 1 7 § Cache Clear 
9 @ i 0 0 0 1 B t Sememory Read 16 Inc 16 
10 it 0 0 14 9 ! S-memory Write 16 Inc I1€ 
11 a | 0 1 O § 10 { S-memory Read 22 Inc 16 
12 a | 0 Al ) a | il § Sememory Write 22 Inc 16 
13 {1 1 0 Of 12 § Swmemory Read 24 Inc 24 
14 $1 1 a) 1 1 13 § Swmemory write 24 Inc 24 
15 ti 1 1 Oo 1% 14 { Not Defined 
16 | i | | oe | 11 15 § Read ELOG 


3eSele3 M-INPUT SWITCH 


A four position rotary switch which provides two binary encoded 
fines. These Lines are used to select the various options fcr the 
source of instructions to be placed into the Micro-register () while 
in the Run state. The switch posittons are assigned as fotlows: 
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| ! M-Input 3 ‘ 
Position § Select t M-Option 
i 2 1 { ' €Run tode Onty) 

Snes manafocsnawaanana jf aocamenenanaaamoananas asa aanwsaane 

1 f oO 9 1 Enable Cache & Se-memory Cnormat) 

2 t a t 1 Enable S-menory 

3 | 1 0 ! Enable Cache 

4 ' 1 i { LOCKED to present contents 


3e5ele4 INTERRUPT SWITCH 
A two position toggie switch which provides two tines. Oerending 
upon the posittons one Line is at a “one®™ Level while the other is an 
open circuit. This switch is used to set the bit in the CCC0) 
register. [t cannot reset the dit. 
3650125 LOAD SHITCH 

A momemtary pushbutton switch which provides two lines. The tines 
are used to provide a pulse to determine the proper system reaction 
depending upon the setting of the Register setect and group switches. 
It will cause one of the following actions: : 

a) ioad data switches into Setected Registers 

b) toad data switches into Selected Pad Location» 

c) Write data switches into cache CA)» 

d) Read cache (A) to consote tights» 

e) Write data switches to S-mem CFA)» 

f) Read S-mem CFA) to console tights» 


g) Cause a cache clear. 


h) Cause CA or RC to 1/0 


3eSele6 HALT SWETCH 


A momentary pushbuttom switch usec to hatt the sytem while it ts in 
the run state. The processors upon receipt of this signals will 
complete the present micro and come to an orderty halt. It wilt then 
transfer into the load/display state. In the ewent the system will not 
halt» it can be halted by depressing both ctear and halt at the same 
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time. 


\ 


3e5e1e7 CLEAR SWITCH 


A momentary pushbuttom suitch used to put all system registers and 
control F/F into the clear state. The clear signal ts onty active 
during the load/display state. If the system is in the run state» it 
must be halted first. In the event that the sytem will not halter it 
can be cleared by depressing both clear and halt at the same tiae. 


3e5ele8 START SWITCH 


A momentary pushbutton switch used to transfer the system from the 
toad/display state to the RUN state. In additions if the tape acde is 
setectads it wilt issue a cassette start signal. 


3e5e109 CASSETTE SELECT 


A two position rotary suitch is used to assign the remote cassette 
tape drive to either the MP=3 or I/C-. 


36501210 INCREMENT SWITCH 


A momentary pushbutton switch usede when the Memory mcede has been 
selected» to increment the Arregister (cache setected) or the 
FAeregister (S-menmory selected). The increment amount is determined tcy 
the setting of Register Group switch. 


3eSelelf SINGLE MICRO/CONTIANUOUS 
A two positton toggle switch used to determine run state conditions. 


If this switch is in the single micro positions the systew wilt 
normally be in the fload/display state. When the start switch is 
depressed» the system witt go into the run state for the execution of 
one micro and then return to the load/display state. 


If the switch is in the continuous pesitions depressirg the start 
switch will put the system into the run state. The syste will 
seriaily execute instructions until requested to halt. It witt then 
return to the lLoad/display state. 


3.501012 OATA SWITCHES 
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24 two position toggte switches to provide data for the loading of 
registers or scratchpad or to provide data for a conscle write to 
either cache or S-memory. These switches may atso be accessed in the 
run state. In the run states these switches may be used to furnish 
data or provide the halt comparison address. 


32501013 STATE LIGHT 


A tamp which when on indicates that bit 3 of the CC-register is set. 


SeSeleo14 RUN LIGHT 


A tamp which when on indicates that the system is tn the run state. 


30501215 ERROR LIGHT 


A lamp which indicates when a parity error has occurrece See 
Sections 3.42010 and 3.2.11 for further detaits con the cefinition of 


34.521.16 OVER TEMPERATURE LIGHT 
This tamp comes on whenever the fan is not producinjy acequate 


airflow. [t indicates that the airflow its below standarce ano 
subsequently there would be an over temperature condition. 


There are 24 lamps that follow the main exchange of MP=-3. A selected 
register or scratchpad location is cisplayed by moving it onto the 
main exchangee When in a memory read mode and the toad tuttor is 
depressed» the specified data is placed on the main exchance ard 
flocked into the data buffer for display purposes. 


365022 REMOTE OPERATIONAL PANEL 


The Remote Operational Panel contains the fottlowing components: 


a) BOT Light 


ay 
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b) “START Switch 
Cc) HALT INTERRUPT Switch 
d) CLEAR Switch 


e) TAPE/NORMAL Switch 


3e5e201 BOT LIGHT 

A tamp which indicates when the cassette tape is in the Beginring of 
Tape position. 
350202 START SWITCH AND LIGHT 
The start switch is the same as described in Section 3.52128. in 
additions this switch has a lamp behind it and when it ts one it 
signifies a not normal run condition. The Lamp is Lit whenever 

a) the interrupt switch is on (Section 3.5.1.4)» 


b) the sitngie micro mode is selected (Section 3-Seleil)» or 


¢) the micro source selection is not on “"normat™ (Section 3.6.1.3). 


3eS5e2e5 INTERRUPT SHITCH AND UIGHT 


This switch is used to set the COCO) register. Whenever the CC(C) is 
set» the interrupt tight ts on. 


3050204 CLEAR SWITCH 


This switch has the same function as described in Section 3.56le7- 


3050205 TAPE/NORMAL SWITCH 


This switch selects whether the micros are to come from the cassette 
‘tape or from the normal source Ceither S=memory or cache). [f the tape 
position is setected»s then the cassette select switch (Section 
36050169) must be on MP3. 


3.5.3 LOAD/DISPLAY OPERATIONS 
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While the sytem is in the load/display state severat funcciors are 
available at the D & M Panel. Normathy the system wilt te responding 
to a display instruction until the toad switch is depressed. [t will 
then execute one toad instruction and return to the cisplay 
instructions. 


Table 3.5.3 gives the assignment of the toad disptay furctions 
depending upon the positions selected for the Register Setect Switch 
and the Register Group Switch. 
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REGISTER f REGISTER SELECT SWITCH i 
er en ee rr, 
GROUP SW 1000 t 001 t o10 1 OLL# 100 t £01 # 110 f 
Settee Cette! bt Dio! Cos Cont ire eer c2---- ! 
0000% TA ¢ FU tx $ SUMC1) & SOOA! SOOBE CAWCS) i 
90018 TB ¢ FT 1 oY  CMPXC1)4 SOLA! S$O2B4 CBWCS) ; 
00108 TC # FLC 17 t CMPYCL)# SOZAI SO2ZBI CMRCS) ‘ 
OoOo211% 8 TD # FLO (tt  € XANYCLI@ SO3AE SOIBE CKRCES) ‘ 
het Loot Pond! Poe Co re ee here 
0210048 TE 8 FLE ta ( XEQOYC1L)9 SO4AP SO4BI SA { 
O1010TF O FLF € ( MSKXCL)9 SOSAE SOSBI SFAR { 
0112104 CA # BICNCL) 1 OF 1 MSKYCLIE SOGAL SO6BI SFAk : 
O11 1 ¢ CB ft FLCONC1) # LR { XORYC1)# SO7A! SO78I CACLRCE) 1 
1000 8 LA ! NULL t FA t DIFFC1)1 SOSAN SO8BE READIE6(6) } 
L1OO0O1L3 LB toes ft FB {1 MAXSCL)2 SOSAT SO9BI WRITELEC6)] 
10108 LC ?& PERM (FL t NULL & SLOAt S10B1 READZ2¢6) |} 
1011 %9LD ¢ PERP  TASC2) 6 UC3) fF SLLAT SL1BE WRITE2206)3 
Srtetetettetel tietetel tte tet! tte, Cte tee Pit cored ire 
11008 LE $$ XYCNCL) It CP 1 NULL € S12ZA1 $12B4 READ24C7) | 
119 1 # LF ft XYSTCL) | NULL 8 DATACG)S SI3At S13B1 WRITEZ4C7)2 
2220 8 CO ft INCNCL) 1 CSWCL) @ CMNDCG)E S14A8 S148t 2 2 ee 3 
11116 CD ¢ MSSW $TIMECLOD’ NULL &@ SLSA? S15Bf RELOGCS) 1 
NOTES 


1 SOURCE ONLY 
2 SOURCE ONLY PUSH OR POP OF POINTER INHIBITED WRITE YAHIBITEC 
3 NOT AVAILABLE AS SINK OR SOURCE FROM CONSOLE 
4 LOAD WILL GENERATE CA FOR DATA RC FROM CMND 
RC INHIBITED when LOAD NOT USED 
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“S$ ENC WELL CAUSE A TO INCREMENT BY 1¢€16°BIT WORD)» LOAD WILL CAUSE 


CACHE READ OR WRITE 


6 INC WILL CAUSE FA TO INCREMENT BY 165 LOAD WILL CAUSE S=MEMORY 


READ OR WRITE 


7 INC WILL CAUSE FA TO INCREMENT BY 245 LOAD HILL CAUSE S=MEMORY 


READ OR WRITE 


3 LOAD WILL CAUSE A CACHE CLEAR 

9 LOAD WILL CAUSE S=MEMORY ELOG TO BE READ AND ‘DISPLAYED 

10 SOURCE ONLY. SINK TIMM WILL CAUSE TIMER TO RESET TC ZERC. 

11 The rotary has 18 positionse Position 17 and 18 are the same 
1 Cie@e» Group Sk = 0000). 


as 
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FIGURE 34 LOAD/OISPLAY TABLE 


The MP=-3 Processor Operations are divided into the fottowing states, 
modes and sub modes. 


The states are: 


CONTINUOUS STATE? FOLLOWING PUSH OF “START®™ SUTTON 


NON CONTINUOUS STATES FOLLOWING PUSH OF “HALT. OR 


PROCESSOR SELF INITIATED HALT 


CONTINUOUS state is further divided as follows: | 


CONTINUOUS STATE 
t 


t t 1 { 
MODE TAPE . STEP RUN FREEZE 
2+ | | { { 
t . 8 t ; << 2e=<ssS55.6:5'= 
ean ER anan ean aan ea Rana BR aeveana ee we { 
{ i § { { | | | 
{ { t ' t t t § 
SOURCE 4 ( ( | { ¢ t | 
SUBMODES CASSETTE CACHE S=MEM CACHE CACHE S*MEM CACHE 1 
A ta hon &g “ R M“REG 
S“MEM S“MEW 
The non continuous state may perform any consote operationss they 
are as follows: 
NON“CONTINUOUS STATE 
j 
t 
‘ t 
i { 
SINGLE OPERATION 3 DISPLAY = 
CLEAR PROCESSOR REGISTERS OR 
CLEAR CACHE SCRATCHPAD OR 
INC FA 24 . RESULT OF SINGLE CPERATION 
INC FA 16 FROM THE CCNSOLE 
INC A 16 


READ ELOG REG 
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WRITE 24 BIT TO WEM 

WRITE 16 ¢ 6 BIT TO MEN 
READ 24 BIT FROM MEM 

READ 16 ¢ 6 BIT FROM MEM 
READ/WRITE CACHE MICRO» KEY 
LOAD REGISTER 

LOAD SCRATCHPAD 
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3-6 CACHE 


Cache is a high speed memory which automatically holds the most 
recently accessed micro~operators. In the normal operating mocer 98 
percent of the time a micro ts neededs it witl be found in the cache. 
Att micros are duplicated in S-memoryr so that whenever a micro is not 
in caches it wilt be automaticaily fetched from S-memory. 


The cache organization is shown in Figure 31. Technically» the cache 
is of the indexed associative variety with 4 WORDS per bilockr 2 BLOCKS 
per class and 256 CLASSES. Thuse there is room for up to 2K micros. 


The word to be accessed is pointec to by the tow order bit cf the 
A-register. The class ts pointed to by the 8 bits of the INDEX. 


The block where the micro ties is not pointed directly ty the 
A-register. Instead» the high arder bits of the Aeregister form the 
KEY. This key is associatively compared. If one of the keys matcher 
there is a HITe khen there is a hits the microroperator may be fetchec 
directly from the caches at the wordr indexes and block where the hit 
occurred. 


If neither key matches the key portion of the Arregisters there is a 
MISS. When there is a miss» four sequentiat micros (64-bits) are 
fetched from S-memory at a tocation determined. by the hich order 
i8-bits of the A-register. These micros are ptaced in the cache at the 
correct index and at one of the two blocks as determined by tte LRU 
(least Recentty Used) atigorithnm. 


Various other capabilities are provided for normal operation and for 
dtagnostics. A validity bit is associated with every block anc says 
whether or not that btock contains any information. The CLEAR CACHE 
micro and pushbutton reset ail these bits Cvalidity bit gets reset to 
one). Fetching and Loading of micros from S~memory Con a miss) és wetl 
as writing cache by micro or frown console will set the validity bit to 
Ze O06 


The keys can onty be viewed by the read cache key micro. 


3ef PROCESSOR CONTROL LOGIC 


The Processor Controt Logic consists of two main functional units: 
the Processor Qperational Controt (FOC) and the [Instruction Execution 
Control. See Figure 35. 
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3e8e1 INSTRUCTION EXECUTION LOGIC CIEC) 


The Instruction Execution Logic accepts a microwminstruction at its 
inpute and breaks it down to a number of suboperational steps» each of 
which corresponds to a nanorinstructions. The nano~tinstruction thense is 
a control vector with each of its bits corresponding directly to the 
controt points in the data structures memory interface ard {[/C 
interface. In addition» the sequencing part controts the instruction 
decoding in four ways? 


a) Parcetling the nanorinstruction in a predetermined sequence? 
bd Altow for branching of the narowinstruction Seuuencee: 
c) Terminate a nano and supply a new nano whenever 
le. <A definite clock count for the nano has been reachecr or 


2e A synchronizing signal has been receivede altowirg the 
next suboperattions 


d} Terminate the execution of a amicrorinstruction whenever the 
nano~sequence is compteted»s and initiate the decoding of a new 
micro. 


The Logic structure of the IEC is described in Section 3.9. 


3.8.2 PROCESSOR OPERATIONAL CONTROLS 


The Processor Operationat Controts (POC) assumes the overatt 
functions of coordinating the processor subunits of cache memcry» data 
structures» Procssor Panet Logice Enstruction Execution Centrol, 
Memory Interfaces and 1/0 interface. 
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328.22 Cont*d 


The POC performs the coordinations by controtling the micro-coces 
which appear as the input to the IEC. The micro-code set is the set of 
instructions available to the programmers ptus speciat instructions 
which are needed to perform housekeeping chores within the processor. 
An exampte of some of these other instructions is toading cf cache 
from S-memory» fetching instructions from tapers and so one 


When a microrinstruction is being executeds the microscode that 
appears at the IEC input is the microinstruction itself as it is 
stored in the M-reg. When a housekeeping chore is being performed» the 
microcode is supplied from the Processor Qperatton Controt RCM CPOCR) 
of the POC. 


In a HALT modes the POC injects into the IEC the micro-coces’ to 
perform operations called for by the front panel. 


In the RUN moder the POC is responsibte for toading the cache 
whenever a MISS is encountereds or fetching from the S-ememory 
directly» if the cache is disabled. 


In the STEP modes the instruction in the M-register is executed. 
Then the M-register is toaded with the next microe Since the sachine 
is halted» the POC injects into the IEC the micro-codes to perfcre the 
operation as called for by the front panel. 


In the TAPE modes the POC supplies the microwcodes which results in 
a microwinstruction to be Loaded tnta the M-reg from the tape. Then 
the microvminstruction in ™ is executed and the cycle is repeated. 


3469 PROCESSOR OPERATION CONTROL 


A functional representation of the POC is shown in Ficsure 3€. The 
consote controt switches are buffered and encoded to Precessor 
Operation Controt ROM CPOCR).j The POCR in turns either feeds its 
outputs to the IEC or atlows the microminstruction from the M*FEG ta 
be executed. The rest of the ltogic is concerned with the phasinsc of 
the POCR operations. 


The main togic conponents are treated individuatly. 


3.901 CONSOLE REG SELECT ENCODERS 


S57 
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This unit encodes the 16 Levels of the Register Row Address ard the 
? tevets of the Register Cotumn Address into a 6"bit Register Address 
identical to the Register Address Matrix of the micro~instructicn set 
and selection between. Register Move €1C)- Scratchpad move (2C€)» ofr 
aemory operation. 


These 6 tines wilt be used as a Source Reg Address or a Destination 
Reg Address in Disptay Update and Panel Loads respectively. 


3e9e2 CONSOLE SWITCH STATES ENCODER 


The console switch STATE ENCODER buffers the mode switches frem the 
Consote and further encodes ther into & tines of processor operating 
godess 


a 


‘In the HALT modes it provides for the following modes: 


INC A 

INC FA 
READ/WRITE MEMORY BY A 
READ/WRITE MEMORY BY FA 
LOAD 

READ/URITE CACHE FA 
DISPLAY 


In the other modes the fotlowing are atlowed: 


RUN/STEP CCache or S-mernory) 
RUN/STEP CS-memory only) 
‘RUN/STEP C€Cache onty) 
RUN/STEP CFreeze) 

TAPE 
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FIGURE 36 
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30923 OPERATING MODE INTERLOCK 


This part of the circuit operates in conjunction with the Console 
Switch State Encoder. It serves as a protection from the amiscperation 
of the console switches and atiows a graduat transition from the Halt 
mode to the other modes or vice versa. 


In the HALT states. the console operationse except display» are 
initiated by the pushe=button of the operations. In the other statese 
the pushbuttons are ignored. 


In the RUN» STEP, or TAPE modes any change between these moces must 
be punctuated first with a HALT state. 


The operating Mode Interlock performs this by timiting the strobing 
of the tatches in the Consote Switch State Encoder to onty (Ca? uhen 
the START P8 is pusheds Cb) in the HALT modes after a requirec string 
of operation initiated by the previous PB has been comoleted. 


3e9e4 PROCESSOR OPERATION CONTROL ROM CPOCR) 


The POCR outputs control the source of micro~codes to te executed by 
the IEC» depending upon whether it is executing a micror-instruction 
from a programs or performing a consolerinitiated operations or 
performing fetches between microinstruction executicn. The POCR 
derives its inputs from the Processor Operating Modes tines ard the 
Operating Phase Counter. 


In the HALT state» the POCR supplies to the IE&C the micros to 
perform Inc» Load» Memory Accesses or register cisplay. The 
microcrinstructions from the M-reg are tgnored. 


In the RUN» STEP» TAPE modes» the POCR Lets the IEC execute from the 
“-reg and intersperses them with toad Cachere fetch from tape or fetch 
from memory» as they become necessary in the course of the operation. 


The RC1}J and R£2) are restoring elements» enabled or disabled by the 
POCR. When enabled» they fora the source or sink reg address in a 1C¢ 
micro required to perform the console display toad. 


The RC3] is a 16 bit restoring etements corresponding to the 16 bits 
in a micro-code. When it becomes necessary to toad cache caused by a 
cache-miss or a fetch from taper eatcer the POCR supplies those 
commands to the [EC through RC3]. 
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The R£4) is atso a 16 bit restoring element which the PCCF will 
enable whenever a micro from the M-reg is to be executed. 


32925 OPERATING PHASE COUNTER AND GUIESCENT PHASE DETECTOR 


in any modes the operation of the POCR is divided into phases. Each 
phase represents a stage of execution. A quiescent phase of any made 
is a stage where the execution may be interrupted and a differert moce 
entered. Limiting the transition to the quiescent state is essential 
for the new mode to start at a known machine state and be terginated 
at a known state. 


The Operating Phase Counter keeps track of the phase within a mode. 
In the case of executing micros from the caches whenever a «miss is 
encountered» the phase counter is cycled back to where the PCCK will 
generate the Load Cache from S-memory operation. It performs in oa 
Similar manner for tape and other mcdes. 


The Quiescent Phase Detector compares the quiescent phase numter 
from the POCR and that of the phase counter. Khen there is a watchs a 
HALT state may be entered from RUN» STEP» or TAPE. In the HALT stater 
a quiescent phase is when the operation initiated by the consote P8 is 
completeds and the processor is idle. 


309-6 POC DECODE INHIBIT 


This flip flop causes an allt “ZERO notop to appear at IEC ingut for 
one clock whenever it is triggered. This is just to ensure that 
whenever the POCR is changed» the [CC will have one full clock to 
decode it. 


30929 INSTRUCTION EXECUTION CONTROL 


This part of the control accepts the microcode supptied by tte POC, 
and executes it in conjunction with the cache memory» data structures 
memory interface and the cassette control. The block representation is 
in Figure 37. 


Basically» each micro-instruction is broken don into one or amore 
steps» each a nanotinstructione The Logic is considered in two parts: 
the part that breaks down the micro into nanos» and che part that 
controls the execution of the nano. 
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There will be a sequence nuaber with each nano generatecs the 
sequence number is then the step nusber within the micro. 


The part that decodes a micro to a nano consists of a Nano Program 
Controt Storage which derives its input addresses frog the 
microsinstruction and the sequence mumber. The sequence numter is 
derived from the sequence counter. The end of a micro is detected when 
the last sequence number of the micro is reacheds this ts detected by 
the sequence number comparator and specified by the MICRC END SEQ ROM. 


The nano execution control logic consists of the Nano Registers the 
Nano Clock Countere the Data Test Controls and the sync tines detector 
made up of the sync select and the stow Reg Syne Logic. 


The nano word stored in the nano register consists of two parts: the 
Nano Program Word and the Nana Instruction Control Vector. The Nano 
Program Word controts the actions of the data structure» the memory 
interface and the I/0. The Nano [Instruction Controt Vector contains 
information tines for the number of clocks a nano witt taker the sync 
Lines to wait fors the data test conditions to look fore tha celay of 
the sinking of a rager etce 
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FIGURE 37 


PAGE 104 


BURROUGHS CORPORATION COMPANY CONFIDENTIAL 


COMPUTER SYSTEMS GROUP M“PROCESSOR<3 
SANTA BARBARA PLANT EeDeSe #2215 9891 


3e-10-1-90 MICRO TO NANO DECODE 


The general operations have been ciscussed in the previous section. 
The foilowing wilt deal with each subunit*s iaptlementations. 


SelQelele NANO PROGRAM CONTROL STCRE CNPCS) 


This is the site where all MICRO to NANO translations are stored. 
Each micro is translated into one or more nano words tao be executed 
sequentiatty. Each nano word consists of a NANO PROGRAM WORD anc NANC 
EXECUTION CONTROL. The Nano Program Word will be used to controt§ the 
data structure and generate handshaking signats with the ma8U) ard 1/0 
control. The Nano Instruction Execution Control specifies any test 
condition to be monitoreds uhere a slow reg may be tinvolvede anc where 
anano will terminate on fixed number of clocks or on sync lines. 


The NPCS ts not a continuous btock of PROM array but is made up of 
scattered subrblocks of PROM chips. Each subeblock interprets a 
specific subset of the microrinstruction and for a specific subset of 
sequence number. For each subunit of the processors a set of control 
code is required at atl times to specify its behavior. The control 
code is derived froma 5 to 10 bits of the microrinstruction. This 
constitutes the subeblock of PROMS.» Whenever possibles more than one 
sub-block is combined to form PROM blocks which correspcnca to 
generating control codes for several subunits within the processor. 
This results in a more efficients usage of the output pins avaitable 
from the PROM chips. 


Atthough the sub~block is formed with the above criteria» seme steps 
are stiit arbitrary. At the same times such implementation resuits in 
a "RESTRICTED INPUT™ PROM ingplementation Cie.» iltegat permutations 
are not included). This is not 3a handican since the design is 
restricted onty to taplementation of the micro~set as it exists. On 
the other hands it renders PROM implementation both feasible anc 
economical in a situation which would otherwise be unfeasitle. 


SelOelelel NANO PROGRAM WORD 


The Nano Program Word has as many subfields as there are subunits 
Within the data structures fetch structure» I/0 interface anc BU. 
Each Nano Program Word selects the source registers a sink recisters 
determines the rotations» setects the Logic operations» the sasking 
patterns the data paths within the data structures enabling the test 
circuits» enabling some registers tc the MEX buss raising requests 
levels to I/0 or MBU whenever approcriate. 
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Se10-1-1-2 NANO EXECUTION CCNTROL 


This part contains the number of clocks the nano will takee the sync 
conditions necessary to terminates the stow register delay» ard the 
test conditions to be sensitized in detecting a SKIP» ARANCH and 
Branches within the nano program. 


3e10.1.-123 GENERATING ADDRESSES TO NANG PROGRAM CONTROL STORE (NPCS) 


The addresses for the NPCS are derived from the mitcrorcode that 
appears. at the input of the [EC and the internally generated sequence 
number. The microscodes are used in 3 different formss> as 


a) Micro Variants and Literalss 
b) Micro Selective Enabless or 
c) Nicro Subset Prom Addresses. 


The Micro Variants and Literals are extracted directly frem the 
micro~code without manipulations. These are fields used to specify the 
vartants of a microsoperations the titerats to be added te some 
registersse and the mask to be used in testing. 


The Micro Selective Enables are derived from the Micro f[nstruction 
Decoder which decodes each micro into one active line. These active 
lines are emptoyed as chip enable signats for sub-blocks of PRO chips 
in the Nano Program Control Store. 


The Micro Subset Prom Addresses are derived from the Micro Subset 
Encader which derives its inputs from the outputs of tte AMicro 
Instruction Decoders. Subsets of micros that share a subsblock of PRC 
chips in the Nano Store are encoced together to form compressed 
addresses for the PROMS concerned. At the same timer they atso encode 
the microvsset into 5 tines af addresses going into the MICRO 
END“SEQUENCE ROM. 


The sequence number is derived from the Sequence Counter. It 
specifies a step number to the Nano Program Control Store durirg the 
execution of a microwinstruction. Starting at "1%>» it incremerts as 
each new nano word is being generat ede 


There are several different forms of encoded and decoded information 
from the micro ~code that are necessary because of the Nano Procrams 
Control Store imolementation. For seme subsblockss the encoded forms 
are used as addresses» and the decoced forms as the chip disahle. For 
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somes the encoded form is not used at all» but the decoded micrce tines 
are used to activate some PROM chips. And in somee the encoded and 
decoded forms are used together as inputs to PROMS. 


Simiftarty» the sequence nusgber outputs are used both as chip Select 
Enables and chip addresses for sub-tlocks of PROM chips. 


3elDebele4 SEQUENCE NUMBER CONTROLS 


The Sequence Number Controls consist of three units: the Wicro End 
Sequence ROMs the Sequence Number Comparators and the Sequence 
Counter. 


The Micro End Sequence derives its input from the 5 lines ercoded» 
representing 32 different micros. For each of theses it generates a 4% 
bit numbers specifying the fast sequence number for that micro. 


The Sequence Number Comparator compares the Sequence Number with the 
fast sequence number. A match will signify the end of a micro. 


The Sequence Counter increments with each new nano generateds except 
when a terainate or nano branch condition is sensed. In the _ first 
case» it will reset to “1" with the next clock tn junction with the 
new micro Loaded ine It does this for the end of micro terminater skip 
or branchs and ABORT (to be used in diagnostic routines onty). khen = a 
nano branch occurse it will backstepe ie.» decrement by aie fixed 
amounts this represents the tooping within the nano program. . 


3e10e229 NANO EXECUTION CONTROL 


The Nano Instruction Execution Cantrot tis made up of the Nano 
Register and the Nano Instruction State Controt. 


The nano register accepts inputs from the Nano Program Control 
Storee Each subfield within the nance program word is routed to the 
corresponding control points within the processor. The part that 
contains the Nano Instruction Controt Vector drives the Nano State 
Controlter directly. 


3e10.221 NANO STATE CONTROLLER 


This consists of Data Test Controls Stow Reg Sync Centrot, 
Instruction Sync Select and the Nano Clock Counter. 
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The Data Test Controt selects the test conditions by bits from the 
Nano Instruction Vector. It generates 3 outputse specifying a 
successful SKIP» BRANCHe or branch within the nano routine. 


The Stow Reg Sync togic delays the sinking of a register whenever a 
stow source is invotved Sy specifying the Word Controt Vector fietc. 
Either one or more clock is absorbed or certain sync lines beince true 
are prevrequisite for sinking a register. 


The Instruction Sync Select is used to hold over a nano instruction 
untit a specified sync condition has arrived. This is the typicel nano 
conteot for communicating with MBU and Cassette Controt. It cerives 
the sync Line selection codes from the Nano Controt Vector ard _ the 
sync Lines from different units in the processor. 


The Nano Chock Counter is a caountedown counter used to hold cver a 
nano instruction for a specific number Cup to 15) of clocks. (Tris is 
the type of controt used for comaunication with gemory). Thenr &@ nano 
instruction is executed. Beginning with the clocks it is teaced in 
until the the Nano Clock counter is zeroe Instruction Syne Selsct 
output #5 true and Stow Reg inhibit is fatse. This allows flexibility 
for a nano instruction executing for a fixed number of clocks or 
tersinating on expected conditions. 


3.11 THREE PHASE DURING NORMAL RUN» TAPE AND STEP MODES 


This processor is designed with a unibus which serves zs the 
inter-registers» menorys and 1/0 data transfers. Consequentlys these 
operations cannot occur concurrently. Howevers operators not involving 
memory are aftfowed to go on concurrently with the memory refresh 
operation. The MP-3 processor atlows processing concurrency cifferent 
from its predecessor Sa This processor is deviced irto 3 
semi~autonosous structures: the fetch structure which inchtudes a 2K 
word cache menorys the control section which decoces the 
micro~operator into controt vectors and coordinates overatt CPU 
operattonss and the data structure where data are actually 
maniputated. Alt three structures operate in parattet» each ceatling 
with a separate phase of the microwinstruction executione 

The control structure operates its instruction decoding 1 clock 
ahead of the data structure» anc the fetch structure fetches the 
microtinstruction 1 instruction ahead of the decode structure time. 
The overatl effect is a pre-fetche pre-decode type of architecture. 
The net processor time for executing a microcrinstruction ts equal to 
the time the operator is executing tn the data structure. A amore 
detatted discussion of this synchronization can be found in_— the 
following section. 
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Each micro-instruction is executed in 3 phases: pre-fetche 
pre=decoder and execute. Consider ai microrinstruction requiring on 
clockss beginning at OTF ¢ t until nt #¢ t CT = 2 clock period» t = 


constant). 


NORMAL MODE. 


phases for the normal running aode (Cmicrocrinstructicns are 
of the cache memory? are as foltlous: 


The three 
fetched out 


Fetch the next microrinstruct ion 
previous micro is being accepted 
access from the cache takes oniy 
ready at -1T + ts» when initiated 


a) the fetched 
The fetch 


therefore 


starts as soon as 
into the M=register. 
1 clock time. [t is 
as late as “2T # t. 

b) The decodes starts when the micro first appears ir 
Meregister starting at -i17T # te It is comptetely occupiec 
the decoding of this micro from *T # t until (nm - 197 + t. 


the 
with 


its first 
execution 
always 1 
is a teast 
Shown in 


The execution of a asicrotinstruction starts when 
nano-command enters the nanorregister at OT + t. The 
proceeds untit nf ¢ t. Consequentlys the decode is 
ctock ahead of the executions and the fetch operation 
1 clock ahead of the decodee The timing retation is 


Figure 38. 


c) 
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FIGURE 38 THREE PHASE TIMING 
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NORMAL MODE (MISS GENERATED SY CACHE) 


Whenever an attempt to fetch from the sicrosinstruction results in a 
"MISS", the next micro is fetched from the memory starting at time 
C-1T + ¢) and loaded into the cache. Three different reasons are given 
for detaying the sicrocinstruction fetch until this time. 


a) One full clock time is to be allowed for the cache to either 
supply the next aicro-instruction or generate a “MISS"%. Wren the 
previous micro is a one check aicro»s the cache canrot be 
expected to generate a MISS sconere 


b) The fetch wilt require the same bus currently used for data 
processing. Hencer the read request to memory witi be sererated 
only at the end of the currect micros assuming the bus ts freed 
UD e 


c) The decode logic which is alse used to decode the fetch is freed 
up from the current micro only at CrLT ¢ ft). 


After the cache has been Loaded with four successive 
microrinstructionse the instruction again resumes beginning at (-2T + 
t)» as in the normat mode. 


TAPE MODE 


The micro-instruction is again treated in 3 phases» but the 
concurrency of the fetch» decode and data structure operating on 
different sicros are eliminated. 


The FETCH MICRO INSTRUCTION FROM TAPE CEMIT) will take n clocks. The 
fetch instruction begins its execution at t. Then the fetched sicro 
wilt enter the decode network at (*1T # t). The EMIY therefore starts 
at -C1 = m) + T. 


The timing for the Tape Mode is as follows: 
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1 mectock 
| | t t i | | § | | | t | | 
% FETCHED MICROS § DECOOE FETCHED ! NO-OPS IFETCH MICRO 
| FROM TAPE i MICROS | fFROP TAPE 
anaavoa/ fea cry? cKrrtertrtrrrrreyrirtrtegrrrrerrrrerrerrererrererrrey SS Wwyery * ) 
4/¢44/ @ FETCHED MICROS 08 q EXECUTE MICRCS &§ NO-O0PS 
§ FROW TAPE | 1 1 
{ a é é 
| | t t 
| 8 | { 
-“CitadT+t Cm1t¢et ) Ct) C2T+#t) 
Ceaser clock gosee> 
FETCH FROM TAPE 
FIGURE 39 
A more detatied analysis of the step*by-step transitior fro 
execution of a micro to the fetch from tape is descrived in the 
PROCESSOR CONTROL section. SKIP 
STEP MODE 


In the step moder the processor instruction tining is similar to the 
RUN mode. The only difference is at n¥ # t (the end of ae =«w#icro’s 
execution).»} NO TOPS are forced through the machine via the inptts to 
the Instruction Decoding Logic CIDL). NO-OPS are executed urtit§ a 
change in the front panei controls is effectedse whereupon the 
processor enters the mode op operation indicated by the front panel. 


The processor's microcrinstruction set is implemented by execution of 


nano-instructions. The nanorwinstruction thus represents a sub-step 
within a micro-minstruction. <A concatenation of the sutesteps 
constitutes a microe 

The following table shows the totat execution time for nt for each 


amicro~instruction. 
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c 
409 MrINSTRUCTION TIMING 


The foliowing instruction times Cexecute plus fetch cf next 
M-Instruction) are given for the case where the next Me-Instruction is 
contained in cache. In generals 11 clocks are added to the basic time 
if the M-Instruction is one of 4 fetched from S-memory (main «aemory) 
upon a cache “miss”. 


M-Instruction Clocks 


REGISTER MOVE EXCEPT EXIT 1 ¢ Ti + T2 
EXIT C13A4) = Move TAS to A*REGISTER ee 


*Add one additonal ctock if previous 
micro uses TAS as source or sink in. 
1C» 2C» 8C» 9Ce» and 10C. 


SCRATCHPAD MOVE i Ti ¢ T2* 
sAdd one chock if a sequence of Read 
after Write to Scratchpad. Add one 
clock if source is a binary sue or 
difference. 


SHAP F WITH DOUBLEPAD WORD 

STORE F INTO DOUBLE WORD 

LOAD F FROM DOUBLEPAD WORD 

MOVE 8"B8IT LITERAL 

MOVE 24°BIT LITERAL 
COTHERS AS destination with a “miss”? 
CTAPE MODE?) 


T2 


— 


¥2 


io) Co UR ND me pe pe pe: 
e¢ + ¢ > 
ond 
M 


SWAP MEMORY 


= 


STREAM MEMORY 
Read 
Write 


+ n words 
n words 


en 
2 


OIAGNOSTIC TEST 
Read €rror tog 
Read 22 Bits 
Write 22 Bits 


EAD 


WRITE MEMORY | by 


READ MEMORY | | 6 


DISPATCH 
CSkip 


DISPATCH 
DISPATCH 
DISPATCH 


DISPATCH 
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LOCKCUT 

taken) 

WRITE 

READ 

READ AND CLEAR 


PORT ABSENT 


COUNT FA/FL 


CAdd one clock if count two registers) 


SCRATCHPAD RELATE FA 


EXTRACT FROM REGISTER T 


SHIFT/ROTATE REGISTER T LEFT 


SHIFF/SROTATE REGISTER X/Y L/R 


SHIFT/ROTATE REGISTER XY L/R 


NORMALIZE 
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READ CACHE 
WRITE CACHE 
CALL 

BRANCH 


BIAS 


SET CYF 


4°BIT MANIPULATE 
(Skip taken) 


NANO MOVE 


CLEAR CACHE 


Same as READ MERPORY ¢ 1 
Same as READ ME*ORY # 2 
Same as HRITE MEMCRY 
Same as READ PE®ORY *# 1 
Same as READ PE®ORY ¢# 1 
1 

1 

2 

i 

1 ¢ T2 

1 

S/R count 

FL HALT: 2+ 3N 

MSBX HALTS 3 ¢ 3N 

7 

6 

2 

2 


1 Parameter» W/C Skip 2 
1 Parameters» Hk Skip 3 

2 Parameterseh/C Skip 2 
2 Parameterse wW Skip 4 


1 ¢ T1 + T2 


2 ¢ Ti + *T2 


257 
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BIT TEST BRANCH FALSE 2¢fmt 
(Branch Taken) 2¢ Ti 
BIT TEST BRANCH 2¢ Ti 
(Branch taken) 2¢« Ti 
SKIP WHEN 1+ TL + T2 
(Skip taken) 2¢ T1 + T2 
CLEAR REGISTER 1 Per register to clear 
BEND 2 
OVERLAY M=“HEMORY CExecuted as na Operation) i 
CASSETTE CONTROL 1 
HALT 1 
NO OPERATION 1 


MONITOR 
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TABLE Vi SOURCE TIMES 


REGISTER NAME 


BICN 
FLEN 
XYCN 
XYST 


SUM» 


DIFF» 8DC 


DATA 


U 


NO EXTRA CLOCKS 


1 
‘ 


BCD 1 


ALC others | 0 


ITEM 


M“Instruction Performance 


MICRO 


REGULAR 

SLOW 

EXIT REGULAR 

EXIT SLOW 

READ REGULAR 

READ SLOW 

WRITE REGULAR 
WRITE Stow 
REGULAR W/0 SKIP 
SLOW W/O SKIP 
REGULAR WITH SKIP 
SLOW WITH SKIP 
REGULAR W/0 BRANCH 
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REGISTER NAME AQ EXTRA CLOCKS 

A z 

i 1 

DATA z 

CHND é 

Att others Cc 

MICRO-COUNT c/s CLOCK COLNT 

65874 1 65874 
£319 2 2638 
29225 2 5845C 
925 3 2275 
35846 1 3564€E 
3628 2 725E 
29537 i 29537 
0 2 Cc 
176 2 352 
0 3 0 


14 4C 
i5 4C 
16 4C 
17 5C 


18 5C 
19. 5C 
20 SC 
21 6C 
22 6C 
23. 6C 
24 6C 
25 7C 
26 7c 
27 BC 
28 8c 
29. 9C 
3909 
31 10C 
32. 10C 
33 11C 
34 123C 
35 145C 
36 = 2D 
37. 03D 
38 06 3D 
39 4D 
49 4D 
41 5D 
42 5D 
43 5D 
he = 6D 
45 60 
46 70 
47 = BD 
48 3E 
49  3E 
50 3£ 
51 3€ 
52 4E 
53 SE 
54 6E 
55 6€ 
56 3F 
57 3F 
58  4F 


59 ZERO 
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SLOW W/O BRANCH 
REGULAR WITH BRANCH 
SLOW WITH BRANCH 
REGULAR W/O BRANCH 
SLOW W/O BRANCH 
REGULAR WITH BRANCH 
SLOW WITH BRANCH 
REGULAR W/O SKIP 
SLOW W/O SKIP 
REGULAR WITH SKIP 
SLOW WITH SKIP 
READ 

WRITE 

REGULAR 

SLOW 

REGULAR 

SLOW 

REGULAR 

SLOW 

EXTRACT 

BRANCH 

CALL 


CLEAR REGULAR 
CLEAR SLOW 

S/R X OR Y 1 BIT 
S/R X OR Y 2 BITS 
S7R X AND Y 1 BIT 
S/R X AND Y 2 BITS 
9/R X AND Y 3 BITS 
COUNT 1 REG 


BIAS BY 1P R/O SKIP 
BIAS BY 1P WITH SKIP 
BIAS BY 2P W/O SKIP 
BIAS BY 2P WITH SKIP 


CARRY BINARY 
CARRY 8CD 


NORM» MSBX HALT €N=15) 
NORM» FL=0 HALT CN=16) 


SUMMARY 
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3901 
19279 
12707 

9748 


ted 
© 
A. 


176 
335051 1.28269 


(ow) 
; ; a 
mw Pe ND Pe Pe oe Dt ND IND PND ome Ge A ome ee nN) ee Of TD = 0 oe ND Pw ED wf PO OW TU Ww I wD we 


11703 
38558 
28121 
1949E 
6927 
L93LE 
12261 
1417 
17€ 
4748 
12 
21126€ 
282 80 
2126€ 
Cc 
2774 
C 
14570 
39€ 
308 41 
103494 
3890C 
0 
1702 
1272 
366 
115¢ 
234 

C 

147 
17220 
146 
12942 
2329€ 
10798 
4875 
4089 
2612 
4761 
10669 
0 

402 
8742 
1530 
1o03e 
176 
977488 
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